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Abstract 
Investment in public transportation is an essential solution to reduce car traffic and 
improve transport sustainability in a high-speed urbanised context. In an age of 
global fiscal restraint, the re-emergence of a bus-based transport mode, Bus Rapid 
Transit (BRT), has generated great interest from urban planners and governments, 
since it provides high quality transit services, with less expenditure and flexibility 
advantages compared with other modes. On the other hand, researchers and 
practitioners have shown interest in the value BRT can add to urban real estate 
prices, since Land Value Capture (LVC) is increasingly seen as a potential way to 
finance transport projects. 
However, the extent to which the improved accessibility due to BRT can be 
capitalised into property values (and therefore underlying land value) remains 
controversial and has not been studied comprehensively. This research provides an 
enhanced understanding of BRT’s impact on property values, by drawing on the BRT 
system in Brisbane, Australia. 
This thesis documents the first meta-analysis of 23 empirical studies that 
estimate the amount of land value uplift (LVU) that is attributable to BRT. The results 
identified several factors that were found to have a statistically significant impact on 
estimated LVU from BRT investment, including the BRT system life cycle maturity, 
the geographical location, the type of research area (land or property), the reported 
value (sale /rental /assessor price), the distance to the BRT station and the method 
used for analysis.  
This research contributes to the literature by adding the evidence of BRT 
impact from the city with low density, high car ownership and limited variation in 
socio-economic status, as in the country context of Australia, using the South East 
Busway (SEB) in Brisbane, as a case study. The results show there is a positive 
effect of access to SEB stations, but a more substantial negative effect of immediate 
proximity to the SEB corridor. The area with the strongest value-added effect is 
approximately 1600m to the BRT corridor, which demonstrates the convenient 
feeder line services in the open-system SEB network and the Park-and-Ride 
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services available in BRT stations could contribute to a wider appreciation area of 
SEB accessibility. 
Few relevant studies in this field consider that a BRT operation mechanism 
could impact the capitalisation effect. To better understand BRT operation, this 
research employs a visual analytic approach to determine how Brisbane’s open-
system BRT facilitates daily mobility, based on smartcard data. Web Graphics 
Library (WebGL) techniques are employed to produce 3D web maps that visualise 
the trajectories of all the BRT passengers, to provide an overview of catchment 
areas and passenger volumes. The results show that feeder line stops are important 
for increasing network accessibility for Brisbane’s open-system BRT. This validates 
that feeder line stops should be considered when examining the BRT property value 
impacts.  
A hypothesis is then formulated that the improved accessibility, due to an open-
system BRT network, results in higher property values within feeder line catchment 
areas. Feeder line stops were selected and included as part of the open-system BRT, 
based on analysis of smartcard data. A Geographically Weighted Generalized Linear 
Model (GWGLM) was used to examine the property values impacts. The results 
identified property value uplift of up to 1.64% for every 100m closer to feeder bus 
stops with frequent services in western and eastern Brisbane suburbs, which 
confirms the hypothesis.  
This research contributes to the literature relating to the method of predicting 
property value uplift for future infrastructure. Although many LVU studies have been 
motivated by LVC implementation, current studies are less than helpful for practical 
LVC implementation as there is a knowledge gap in how to estimate the LVU prior to 
the transport project. This is important as a pre-investment reference to formulate 
LVC strategies. The prediction method proposed in this study has the potential for 
broader application in prediction of property value uplift from future infrastructure 
across other urban planning contexts. 
In summary, this research contributes to an understanding of the impact of BRT 
on property values and it is also significant in advancing the practice of LVC strategy 
for raising public transport funding through land and property value gains. 
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Chapter 1 Introduction 
Cities are the drivers of economic growth in the current world economy. In recent 
decades there has been enormous prospected growth in urbanisation and more than 
half of the world’s people reside in urban areas; this number will increase to 70 % by 
2050 (UN Department of Economic & Social Affairs, 2014). On the other hand, cities 
account for 70% of global energy consumption and related greenhouse gas 
emissions, of which around 23% is due to transport (LSE Cities, 2014; Pachauri et 
al., 2014). Cities in developed countries (for example, U.S.A, Canada and Australia) 
are faced with more challenging problem of transport-related emissions, due to high 
car dependency. Urban planners and governments have long recognised that the 
most effective way of reversing car-dependent urbanisation is investment in reliable, 
sustainable and economical public transit infrastructure that provides a competitive 
travel option. 
However, high car dependency cities are often characterised by low population 
density, and, significantly, low public transport use. Research shows that cities with 
the highest car dependency (for example, U.S.A., Australia and Canada) have the 
worst operating cost recovery of public transport (Kenworthy & Laube, 1999) and 
much higher cost structures for transit companies because of low occupancy per 
kilometre (Tong & Wong 1997). In car-dependent cities, there are increasingly 
apparent funding constraints faced by governments; these cause a vicious cycle of 
unsustainable urbanisation with car dependency problems.  
On one hand, these imperatives have compelled many cities to investigate 
more cost-effective transit modes. Recently, the re-emergence of a bus-based 
transport mode, Bus Rapid transit (BRT) has generated great interest from urban 
planners and governments as it provides high quality transit services, with less 
expenditure and flexibility advantages compared with rail-based transits (such as 
metro and light rail). With several successful cases world-wide, the investment of 
BRT has been surging: over 50 new BRT systems have been constructed and put 
into use across both developing and developed countries since 2000 (Deng & 
Nelson, 2011). This rapid introduction and expansion of BRT systems has occurred 
in major metropolises in Australia. Especially, Brisbane, the third largest city in 
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Australia, has been developing a world class BRT network since 2000, with several 
expansions under planning and construction, at the time of writing. 
On the other hand, it is still critical to seek new paradigms to solve the 
escalating problems in obtaining financial resources for transport investment. For 
instance, after the success of TransMilenio BRT in Bogotá, the Colombian 
government supported the construction of BRTs in several secondary cities, such as 
Barranquilla, Cali, and Cartagena, by subsidising 70 % of the capital costs. Most 
cities, however, cannot cover BRT operation and maintenance costs with fare-box 
receipts. They also have little capacity to subsidise transit costs due to other funding 
demands (Suzuki et al., 2015). In Australia, major cities like Sydney, Brisbane and 
Melbourne, are facing long delays of promised transportation construction due to 
fiscal constraints. State authorities cannot cope financially, and the situation 
worsened after the Commonwealth Government ceased funding for public transport 
initiatives entirely in 2013. Local governments are now urgently trying to find 
alternative funding sources for public transport financing.  
One method of financing investment in transport infrastructure that attracts 
most interest internationally is land value capture (LVC) (see, for example, Iacono et 
al., 2009; Zhao et al., 2012). Public transit systems are expected to improve urban 
mobility and bring economic benefits and opportunities of land development to cities, 
including the capitalisation effect on pedestrian catchment’s land and property values 
due to improved accessibility. Therefore, users of the transport network are not the 
only beneficiaries. Land owners can also gain as increased value-flows along the 
network are capitalised into land. Value capture is the concept that governments 
should be able to institute as a process to share this land value increment along 
public transport corridors by capturing part or all of the changes to help pay for the 
system. Researchers and practitioners have shown their interest in how much new 
transport infrastructure adds to land values as LVC is increasingly being considered 
to be a potential way to finance transport projects, given widespread government 
fiscal restraint (Mathur & Smith, 2013).  
The bulk of BRT’s capital and operating costs is expected to be recovered 
through LVC, given the lower costs relative to other rapid transit modes (Hook & 
Wright, 2007; United States General Accounting Office, 2001; Vuchic et al. 2013, p. 
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307). There are substantial practices of funding the transport project by various LVC 
mechanisms (Suzuki et al., 2015); however, few BRT systems to date have been 
funded through LVC. Several successful LVC cases worldwide were implemented to 
finance rail-based transit systems. One reason might be the relatively short history of 
the modern BRT transit mode. More importantly, the extent to which the improved 
accessibility due to BRT can be capitalised into property values (therefore underlying 
land value) remains controversial and has not been studied comprehensively.  
As such, this study contributes to the literature relating to the evaluation of 
BRT’s impact on property market, by drawing on Brisbane’s BRT system as a case 
study. Brisbane is a highly car-dependent city. Bus modes are important in the 
Australian lower density city environment and BRT’s are increasingly being 
considered to provide cost-efficient flexible public transport. This research is also 
motivated by increased interest in LVC implementation in Australia, as Infrastructure 
Australia (2016) recommends governments should utilise appropriate models to 
drive revenue from the broader benefits delivered by major infrastructure projects, 
such as value capture for transport infrastructure. 
1.1 Problem statement 
Land rent theory, developed by Alonso (1964) and Muth (1969), holds that all else 
being equal, people are willing to pay more for the limited geographical location with 
better transit offerings. Therefore, effective public transit is expected to exert a 
positive effect on land value appreciation within the catchment area, and such effect 
varies in magnitude due to the accessibility gradients. 
Many empirical studies have been conducted to estimate and measure the 
amount of land value uplift (LVU) attributable to BRT access. Some academic 
researchers find evidence of land and property value appreciation attributed to BRT 
(Cervero & Kang, 2011; Mulley, 2014; Munoz-Raskin, 2010; Zhang & Wang, 2013); 
however, others have reported no land value increases, or in some cases negative 
effects (Salon et al., 2014; Targa, 2003; Ulloa, 2015; Zhang & Liu, 2015). Why do 
estimates of BRT impacts vary across these studies? Some researchers argue that 
BRT’s flexibility also appears to be its main weakness as BRT infrastructure is 
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perceived to be less permanent than rail-based infrastructure (Rodríguez & Targa, 
2004).  
Stokenberga (2014) examines the methodologies, underlying theories and 
findings on BRT price impacts, and reports that land-use and value impacts are not 
uniform across BRT systems. This study only reviewed a few mature BRT systems 
in Latin America and Asia, given the literature examining BRT’s contribution to the 
appreciation of land and property values remain scarce. In particular, little empirical 
work has been conducted in cities with low density, high car ownership and limited 
variation in socio-economic status, such as in the Australian context. 
A 2016 study by Higgins and Kanaroglou involved a larger number of studies, 
but also used traditional review techniques. These authors argue that a fundamental 
source of variability is the lack of empirical specificity, particularly related to the use 
of proximity as the dominant way of capturing land/property value uplift (LVU) 
(Higgins & Kanaroglou, 2016). However, findings from these traditional review 
studies are limited and far from comprehensive, since information is collected and 
interpreted unsystematically. 
There is a consensus among researchers in this field that different BRT 
infrastructures (for example, BRT operating in mixed traffic or on separate rights-of-
way) will have different property value impacts. Higgins and Kanaroglou (2016) 
reviewed more than 130 analyses completed over the past 40 years. They 
emphasise that differences in LVU can be varied, according to station zoning and 
built environment characteristics (which has usually not been considered in the 
literature). 
However, few studies have considered that the flexibility of BRT operations 
could have an impact on the capitalisation effect. BRT has a significant operational 
flexibility over rail-based transit systems, especially when it is integrated with regular 
bus services. It can be operated as either an open or closed system. In a closed 
system, BRT buses do not operate outside the BRT corridor (for example, 
TransMilenio, Bogotá); however, passengers from these feeder buses need to 
transfer to access the BRT corridor. Buses in open BRT systems have more flexible 
service routes as they can move in and out of the dedicated BRT corridor as per 
their route requirements (such as BRT systems in Seoul, Guangzhou or Brisbane). 
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The open system enables a larger number of passengers to access the system by 
feeder line services without transferring.  
Empirical studies show that the addition of transfer points along transit routes 
can reduce transit ridership and modal share, since a transfer normally brings 
inconvenience to passengers, such as extra walk and wait times, referred to as 
‘transfer penalties’ (Han, 1987; Liu et.al., 1997). Thus, open BRT systems can 
relieve the ‘transfer penalty’ for passengers along BRT feeder line, by providing more 
efficient and direct transit experiences. This implies that feeder line services in an 
open BRT system might be more valuable than those in a closed BRT system; 
however, most of the existing literature has focused on the BRT corridor catchment 
area without considering the BRT network effects. 
Empirical studies in relevant literature typically investigate the transport impact 
on urban land/property values by analysing land/property value that changes with the 
interference of transport infrastructure, using empirical data of either real 
land/property transactions prices, rental prices or evaluation prices. However, these 
studies generally show theoretical implications of examining the relationship between 
transport accessibility and land values to justify the LVC as an alternative financing 
tool. In an age of widespread fiscal restraint, it is now urgent to put LVC into practice. 
For practical LVC, the knowledge gap is how LVU impacts of transits are predicted. 
This is important as a prerequisite to formulate LVC strategies and help governments 
get a better understanding and support from beneficious stakeholders, which leads 
to the best community outcomes of LVC. 
1.2 Research question 
Given the problems stated in Section 1.1, the key research questions addressed in 
this thesis are: 
Research Question 1. Why do estimates of BRT impacts vary from case to 
case in the relevant literature? 
Research Question 2. How has access to BRT impacted on property 
prices along BRT system (in a city with low density, high car ownership 
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and limited variation in socio-economic status, such as in the Australian 
context)? 
Research Question 3. Does a BRT feeder line influence surrounding 
property values in an open-system BRT? 
Research Question 4. How can the property value effects of future transit 
project be predicted? 
1.3 Aim and objectives 
The research questions proposed above are addressed by four specific objectives, 
as follows: 
Objective 1. To explain the variation in empirical findings for capitalisation 
effects of BRT. 
Objective 2. To estimate the BRT impact on property values in a city with low 
density, high car ownership and limited variation in socio-economic status, as in 
the country context of Australia. 
Objective 3. To investigate the capitalisation effects of open-system BRT with 
consideration of feeder line networks. 
Objective 4. To propose a method of predicting property value effects of future 
transit project. 
1.4 Research significance and contribution 
There is increased interest in land value increases that are induced by an enhanced 
transport accessibility. Scholars believe these premiums (that is, LVU) can be used 
as an alternative funding source for transport infrastructure through LVC. The 
willingness to pay for transit accessibility is a critical prerequisite in LVC 
implementation (McIntosh, 2015). With the re-emergence of bus-based transport 
mode, BRT, researchers and practitioners have shown interest in the value BRT can 
add to urban real estate prices. 
In undertaking the literature review, it was found that the estimates of BRT 
effects on land and property values vary greatly from case to case. While some 
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efforts have been made by Stokenberga (2014) and Higgins and Kanaroglou (2016) 
to address these variations, the findings are limited due to too few studies and, more 
importantly, inherent weaknesses in the analysis methods.  
This study contributes to the literature by providing the first systematic meta-
analytic review of BRT impacts on land and property values. It seeks to identify the 
factors and to what extent they can contribute to the variation of land and property 
value changes from BRT investments. The results of this review can help to better 
understand the BRT impacts reported in empirical studies, and in cases where no 
empirical evidence is available. Further, this research makes recommendations for 
future studies on this topic.  
BRT is a popular transit solution in Australia and the bulk of its capital and 
operating costs are expected to be recovered through LVC given the lower costs 
relative to other rapid transit modes (Hook & Wright, 2007; United States General 
Accounting Office, 2001; Vuchic et al. 2013, p. 307). There is a need to 
comprehensively evaluate the distribution and size of the BRT accessibility benefits 
that are delivered to property market, which forms the basis for LVC strategies. This 
research is yet to obtain comprehensive understanding of the impact of BRT on 
property values, especially in the Australian context where commuters are less 
dependent on public transport. 
Another key activity of this research is the investigation of the impact of an 
open-system BRT network on property values by considering feeder bus routes as 
part of the BRT system. As discussed in Section 1.1, feeder line stops are important 
for increasing network accessibility for open-system BRT. The improved accessibility 
due to an open-system BRT network might result in higher property values within 
feeder line catchment areas. The results of this study assist in fully identifying the 
distribution and size of property value uplift resulting from BRT accessibility. This 
information is important to avoid missing potential uplift contributions in LVC 
implementation.  
Finally, this research contributes to the literature relating to the method of 
predicting property value uplift for future infrastructure, drawing on a case study of 
South East Busway (SEB) extension, which is a BRT infrastructure currently being 
planned (at the time of writing) in Brisbane, a, high-car dependent city. Empirical 
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evidence from the literature is less than helpful for practical LVC implementation 
since there is a knowledge gap in how to estimate the LVU prior to the transport 
project, without the help with empirical data from land/property market. This 
prediction is important because, as a pre-investment funding scheme, some LVC 
mechanisms (such as, tax increment financing) need to be established in the vicinity 
of proposed infrastructure, where property values are expected to rise, (Greenbaum 
& Landers, 2014). Therefore, a pre-investment analysis of the LVU forms the basis 
on which to formulate LVC strategies.  
Further, it is critical for communicating the land value benefits to stakeholders 
who will pay for the transport improvement in this funding approach and to inform 
them about the reasonableness and fairness of LVC mechanisms. The scientific 
prediction of land value benefits can help governments gain understanding and 
support from beneficious stakeholders, which leads to the best community outcomes 
of LVC. 
1.5 Thesis structure 
The remainder of the thesis is organised as follows. Chapter 2 provides a critical 
review of the literature relevant to the investigation of impact of BRT on land and 
property values and synthesises knowledge gaps to be bridged in this research. 
Chapter 3 establishes the research framework to guide this research. It also 
elaborates the specific questions and tasks underpinning the empirical studies to be 
conducted in this research. Chapters 4 to 7 are the core analytical chapters, and 
address the major research questions and objectives. Chapter 4 employs meta-
analysis techniques to systematically investigate the variation in estimates of BRT 
impacts on land and property values reported in the literature. Chapter 5 presents an 
exploratory analysis of the SEB’s impact on property values, in the developed 
country context of Australia.  
Chapter 6 investigates the impact of the open-system BRT network on property 
values in Brisbane. Chapter 7 proposes a method of predicting property value 
impacts of future infrastructure, drawing on SEB extension as a case study. Chapter 
8 concludes this thesis by:  
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(1) summarising the key research findings from empirical investigations in this 
research; 
(2) highlighting the contributions and significance of this study; and 
(3) discussing the limitations; and 
(4) identifying directions for potential future research.  
Figure 1-1 shows the structure of this thesis.
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Figure 1-1 Thesis structure 
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Chapter 2 Literature Review 
This chapter provides a critical review of related literature in five sections. Section 
2.1 introduces the relationship between transport accessibility and land/property 
value uplift. Section 2.2 reviews the mixed results from empirical studies on BRT’s 
impact on land/property values.  
Section 2.3 highlights the difference operation mechanisms of BRT system, 
which might impact the capitalisation effects. It identifies the knowledge gap in 
literature that the flexibility of BRT operations is not considered when examining its 
property value impact.  
Section 2.4 discusses the relationships between land and property value uplift 
from transit investment and LVC strategy and validates the importance of predicting 
property value uplift prior to transit investments in LVC strategy. Finally, drawing on 
the presented literature, knowledge gaps to be bridged in this study are summarised 
in Section 2.5.  
2.1 Transport accessibility and land/property value uplift 
Land rent theories developed by Alonso (1964) and Muth (1969) hold that land value 
increases as a consequence of improvements in accessibility. In essence, rents are 
higher for land with higher accessibility since this offers land holders greater 
opportunities in terms of destinations. This theory underpins the notion that the LVU 
can be generated by investments in high-capacity public transport systems. 
The main purpose of transport infrastructure installation is to improve urban 
mobility. Initially it exerts a traffic impact as a result of faster journey times, higher 
frequency, and better reliability, which can be secondarily translated into increased 
ridership, lower operating costs, less fuel consumption, greater safety, and better 
land development benefits, such as LVU. Levinson et al., (2003) argue that an 
effective BRT appears to affect modal choice and foster land development under 
certain circumstances, if it makes a time saving of more than five minutes on a 
typical urban work trip. 
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In the literature, the capitalisation effects of transit have been documented for 
decades. Early LVU studies in last century studies focused on highways (see, for 
example, Allen, 1981; Buffington et al., 1985; Burkhardt, 1984; Palmquist, 1980; 
Langley, 1981; Lewis et al, 1997; Spawn & Hartgen, 1997). Later, with the popularity 
of investment in rail-based transit worldwide, researchers undertook a large body of 
empirical research on rail-based transit (such as, rail, light rail and metro) impact 
(Debrezion et al., 2007; Mohammad et al., 2013).  
A review by the Royal Institution of Chartered Surveyors (2002) concludes that 
transport infrastructure generally provides improvements in accessibility and 
therefore land value uplift, with benefits being distributed in relation to the proximity 
of the location to the infrastructure, although results are influenced by context. 
Many LVU studies that focus on rail-based systems, including rail, light rail or 
metro investments, have identified positive gains in land/property values (for 
example, Agostini & Palmucci, 2008; Laakso, 1992; Pan & Zhang, 2008; Voith, 
1991). Mohammad et al. (2013) review 23 studies that analysed the impact of rail on 
land/property value changes and reported higher percentage changes in values in 
East Asian and European cities, compared with North American ones. They argue 
the greater dependence on public transport services in most of Europe and East 
Asia may partially explain this finding.  
Further, higher value uplifting is also identified in congested zones (Clower & 
Weinstein, 2002); however, immediate proximity to transit stations or corridor is likely 
to decrease land/property values due to high level of noise, pollution and crime rate 
(see, for example, Diaz, 1999; Hui & Ho, 2004; PB, 2001). A study by Bollinger et al. 
of the impacts of rail system on office rent values revealed even the perceived risk of 
safety near stations has resulted in lower rents within a quarter of a mile from 
stations (1998). 
When this research started (2014), the literature examining BRT’s contribution 
to the appreciation of urban land values was scarce, in part due to the short 
operating time of newly constructed BRT systems in most cities (Stokenberga, 2014). 
A limited number of studies identified BRT’s ability to uplift land values, but only in 
cities of developing countries with successful BRT systems in Latin America and 
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Asia. In contrast, little empirical work has been conducted in cities with low density, 
high car ownership and limited variation in socio-economic status, as in Australia. 
2.2 Mixed results: BRT’s impact on land/property value 
Recently, the re-emergence of bus-based transport mode, BRT, has received more 
attention with a growing number of studies estimating its ability to capitalise 
accessibility into land values (Cervero &  Kang, 2011; Mulley, 2014; Mulley & Tsai, 
2016; Munoz-Raskin, 2010; Pang & Jiao, 2015; Rodríguez & Mojica, 2009; 
Rodríguez & Targa, 2004).  
TransMilenio 1(Bogotá, Colombia), one of the world's largest BRT systems and 
opened in 2000, and has gained the most attentions from scholars. A relatively large 
number of studies have been conducted on TransMilenio. The results generally 
reported positive impacts on property values, but with various levels of uplift between 
1.2% to 17.0%. Rodriguez and Targa (2004) found property asking price increased 
by 6.8% to 9.3% for every five minutes of walking time closer to a station. Munoz-
Raskin (2010) detected appreciation of property values within the immediate walking 
distance to the system. Further, this study specifically explored the proximity effects 
for few socio-economic characteristics. The results showed positive effects for 
middle-income properties proximate to the TransMilenio, while opposite results were 
found for low-income properties.  
Several studies were found of American BRT systems, including New York 
City’s BX12 bus service, New York; the Franklin EmX line in Eugene, Oregon; Silver 
Line in Boston, Massachusetts; Martin Luther King Jr. East Busway in Pittsburgh, 
Pennsylvania; and the RTC RAPID in Reno, Nevada (Curley, 2012; Hodel & Ickler, 
2012; Ulloa, 2015; Perk & Catala, 2009; Perk et al., 2013). On average, positive 
gains in property values in close proximity to these BRT stations were estimated to 
be between 0.23% and 10.9%.  
                                                          
1 TransMilenio is a BRT system that opened to the public in December 2000. It originally covered Avenue 
Caracas and Calle 80, and other lines have been added since then; as of 2012, 12 lines totalling 112km run 
throughout the city. It comprises several interconnected BRT lines, with raised floor stations in the centre of a 
main avenue, or ‘troncal’. Passengers reach the stations via a bridge over the street, and usually four lanes down 
the centre of the street are dedicated to bus traffic. It was inspired by Curitiba’s Rede Integrada de Transporte. 
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In Seoul, Korea, one of the densest and most congested Asian cities, LVU that 
were up to about 10.0% were estimated for residential lands and more than 25% for 
retail land and other non-residential uses (Cervero & Kang, 2011). In China, the 
Guangzhou BRT also found value-uplift effects up to 2.1% on properties that vary by 
district and the amenities provided (Salon et al., 2014). However, two empirical 
studies in Beijing, another densely populated Asian city, showed that BRT (Beijing 
Line 1 and Southern Axis BRT) did not confer statistically significant effects on 
residential land value (Ma et al., 2013; Zhang & Wang, 2013).  
In Australia, the impact of the transport intervention on property prices is not as 
substantial as in the case of Asian and America cities. Mulley and Tsai (2013) report 
that no significant price premium was found for Sydney’s Liverpool-Parramatta 
Transitway (LPT), using a repeat sales approach. Negative effects on residential 
properties were found around Brisbane’s SEB in a study based on Hedonic Price 
Model (HPM) (Zhang & Liu, 2015). These studies suggest that as Australian cities 
are highly car dependent, proximity to public transit may not be an important factor 
influencing property-purchasing behaviour and, therefore, property prices.  
However, in the case of LPT, another longitudinal study with Difference in 
Difference (DID) methods has found some evidences of LVU around BRT stations, 
reporting property price in the catchment areas was 11% higher than the control 
areas upon opening of the LPT in 2003 and 2004 (Mulley & Tsai, 2016). Using 
similar research methods, Mulley et al. (2016) further identify a positive impact of 7% 
on housing prices for properties within 800m of Busway stations on the opening of 
the SEB.  
It can be concluded that BRT impacts on land and property values are mixed 
and vary greatly across cases, and even within the same case the modelling 
methods used since for example in the case of LPT, the same authors came up with 
different results when different methods were used (Mulley & Tsai, 2013; Mulley & 
Tsai, 2016). Why do estimates of BRT impacts vary across these studies? Some 
researchers argue that a BRT’s flexibility also appears to be its main weakness as 
BRT infrastructure is perceived to be less permanent than rail-based infrastructure 
(Rodríguez & Targa, 2004). A study by Stokenberga (2014) examines the 
methodologies, underlying theories and findings on BRT price impacts, and reports 
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that land-use and value impacts are not uniform across BRT systems. This study 
only reviewed a few mature BRT systems reviewed in Latin America and Asia, as the 
literature examining BRT’s contribution to the appreciation of land and property 
values remains scarce.  
Another more recent study involved a larger number of case studies, but also 
used traditional review techniques, and argues that a fundamental source of 
variability was the lack of empirical specificity, particularly in relation to the use of 
proximity as the dominant way of capturing LVU (Higgins & Kanaroglou, 2016). 
However, findings from these traditional review studies are limited and far from 
comprehensive as information is collected and interpreted unsystematically. 
2.3 Capitalisation effects of BRT: Open versus Closed 
Although the outcomes across systems are a product of methods and study design, 
there is consensus among researchers that different BRT infrastructure (for example, 
BRT operating in mixed traffic or on separate rights-of-way) will have different 
property value impacts. Higgins and Kanaroglou (2016) review more than 130 
analyses completed over the past 40 years. They emphasise that differences in LVU 
can be varied according to station zoning and built environment characteristics, 
which previously was not considered. 
However, few studies have considered that the flexibility of BRT operations 
could impact the capitalisation effects. BRT has a significant operational flexibility 
over rail-based transit, particularly when it is integrated with regular bus services. 
From operational perspective, there are two types of BRT systems, closed and open.  
In a closed system, BRT buses do not operate outside the BRT corridor (such 
as, TransMilenio, Bogotá). Feeder buses operating between the trunk corridors and 
the city’s peripheral areas are used to service passengers away from the BRT 
corridor; but passengers from these feeder buses need to transfer to access BRT 
corridor. The closed operation mechanism ensures that buses running on BRT 
corridor provide frequent and punctual rail-like transit service that minimises delays 
found in regular bus services. Closed systems are more effective if the transit 
demand around the corridor is high and passenger volumes decrease sharply 
beyond that area. 
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Buses in open BRT systems have more flexible service routes because they 
can move in and out of the dedicated BRT corridor as per their route requirements 
(such as, BRT systems in Seoul, Guangzhou and Brisbane). The open system 
enables a larger number of passengers to access the system by feeder line services 
without transferring. Empirical studies show that the addition of transfer points along 
transit routes can reduce transit ridership and modal share since a transfer normally 
brings inconvenience to passengers, such as extra walk and wait times referred to 
as ‘transfer penalties’ (Han, 1987; Liu et.al., 1997).  
Thus, open BRT systems can relieve the ‘transfer penalty’ for passengers along 
BRT feeder line by providing more efficient and direct transit experiences. This 
implies that feeder line services in an open BRT system might be more valuable than 
those in a closed BRT system; however, the mixed use of the BRT corridor might 
lead to inefficient system performance by diluting the accessibility advantage of BRT 
stations over other bus stops.  
Closed and open BRT systems with distinguishable operational characteristics 
suggest different system performance, and thus different capitalisation effects. To 
date, there is a lack of systematic examination of the capitalisation effects within 
BRT network catchment areas, especially for the open BRT systems. Most of the 
existing literature focuses on the BRT corridor catchment area; however, the impact 
of a BRT system on value uplift might extend to its feeder lines. Evidence from the 
TransMilenio case study, a closed BRT system, reports property value uplift within 
immediate proximity of feeder lines (Munoz-Raskin, 2010). As such, it is expected 
that the feeder line impact on property value should be more significant in an open 
system given the more significant accessibility advantages of BRT services. 
Property value impacts of Brisbane’s BRT have been the focus of three studies 
(Mulley et al., 2016; Mulley et al., 2017; Zhang & Liu, 2015). In general, relatively 
lower value uplift are reported around Brisbane BRT stations, compared with other 
cases. In the case of Brisbane’s SEB and Northern Busway (NB), negative impacts 
were identified for surrounding residential housing properties (Zhang & Liu 2015). 
However, none of these studies considered the open operation of the BRT system; 
they only studied the property value changes in the BRT corridor. The results from 
previous studies on open-system BRT impacts are potentially biased as they do not 
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consider the entire BRT network, which includes the BRT main corridor and feeder 
bus network.  
2.4 Transport benefit analysis and LVC strategy 
According to land rent theory (Alonso, 1964; Muth, 1969), when a transit system 
opens, proximate landowners are able to capture windfall profits and sell their 
advantageous locations at a higher price. Therefore, users (that is, public transport 
passengers) of the transport network are not its only beneficiaries. Land owners can 
also gain as increased value flows along the network are capitalised into land. Value 
capture is the concept by which governments should be able to institute a process to 
share this land value increment along public transport corridors, by capturing part or 
all of the premium to help pay for the transport infrastructure. Researchers and 
practitioners have shown interest in how much new transport infrastructure adds to 
land values since LVC is increasingly being considered as a potential way to finance 
transport projects given widespread government fiscal restraint (Mathur & Smith, 
2013).  
The willingness to pay for transit accessibility is a critical prerequisite in LVC 
implementation (McIntosh, 2015). The extent to which local property markets are 
willing to pay for transit accessibility can be seen in the relationship between 
transportation accessibility and property values. The literature reviewed in Section 
2.2 focuses on the distribution and the size of the LVU. Empirical studies investigate 
the transport impact on urban land/property values by analysing land/property value 
trends with the interference of transport infrastructure, using data of either real 
land/property transactions prices, rental prices or evaluation prices. These studies 
basically address the question of where and how much the value uplift occur around 
transit corridors.  
More recently, there is a study that specifically quantifies when LVU occurs in 
transport investment, which is important for informing the timing of LVC 
implementation. Yen et al. (2018) found the value uplift effects of the light rail project 
on the Gold Coast (Queensland) happens from the time of solid commitment, 
suggesting value capture design should start early to avoid missing uplift 
contributions.  
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This finding aligns with a meta-analysis study of rail impacts on land and 
property values by Mohammad et al. (2013). After an analysis of 23 empirical rail 
studies, they found the perceived benefit of the rail system at time of announcement 
is often higher, compared with the actual realised benefit after the system stabilises. 
It seems that rail-based systems are usually viewed as a fixed and permanent 
infrastructure with a higher expectation of economic effects by urban citizens than 
flexible BRT. In the case of BRT in Sydney, it is found that residential properties 
appreciate the BRT service after opening when residences can finally use it (Mulley 
& Tsai, 2016).  
Despite substantial LVU studies having been conducted (and a few of them 
have been specifically driven for LVC purpose) they generally stay in the theoretical 
stage of examining the relationship between transport accessibility and land values 
and justify recapturing of this value through LVC tools. In an age of global fiscal 
restraint, it is now imperative to put LVC into practice. For practical LVC, the 
knowledge gap is how to estimate the LVU prior to the transport project, without the 
help of the empirical data from land/property market. As noted in Section 1.1, this is 
an important prerequisite to formulate LVC strategies and help governments gain 
understanding and support from beneficious stakeholders, which leads to the best 
community outcomes of LVC. 
2.5 Synthesis 
BRT, as with other transit systems, is expected to improve urban mobility and also, 
bring economic benefits and opportunities of land development to cities, such as the 
capitalisation effect on its pedestrian catchment’s land and property values. 
Researchers and practitioners are interested in the value that BRT can add to urban 
real estate prices, since LVC is increasingly seen as a potential way to finance 
transport projects given widespread government fiscal restraint (Mathur & Smith, 
2013). As an emerging area to research, a BRT’s impact on property value has not 
been studied comprehensively. Four key gaps in knowledge gaps are identified: 
1) The variability in the estimated change in values arising from BRT 
investments has not been comprehensively understood. The literature on land 
and property values demonstrates a great deal of variability in the estimated 
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change in values arising from BRT investments. Despite there having been 
previous attempts to analyse the variation in estimates of land/property value 
change arising from investments in BRT using the method of traditional 
literature review, findings from these traditional review studies are limited and 
far from comprehensive, as information is collected and interpreted 
unsystematically. 
2) There is a lack of evidence from cities with low density, high car ownership 
and limited variation in socio-economic status, as in the context of Australia. 
When this research started (in 2014), the literature examining BRT’s 
contribution to the appreciation of urban land values was scarce, in part due 
to the short operating time of newly constructed BRT systems in most cities 
(Stokenberga, 2014). A limited number of studies have identified BRT’s ability 
to uplift land values, but these are in cities of developing countries with 
successful BRT system (namely, Latin America and Asia). 
3) There is a lack of systematic examination of the capitalisation effects of BRT 
network, including both BRT corridor and feeder lines, especially for open-
system BRTs. In the literature, few studies have considered that the flexibility 
of BRT operations could impact the capitalisation effects. Most of the existing 
literature focuses on the BRT corridor catchment area; however, feeder line 
stops can provide significant system accessibility advantages, particularly for 
an open-system BRT, which should be considered when examining the BRT 
property value impacts. 
4) There is a research gap in how to estimate the LVU for future transport 
infrastructure. Despite substantial LVU studies having been conducted (and a 
few of them have been specifically driven for LVC purposes) they generally 
stay in the theoretical stage of examining the relationship between transport 
accessibility and land values and justifying recapturing of this value through 
LVC tools. Estimation of LVU for future transport infrastructure is a critical 
factor for the development and implementation of LVC financing mechanisms 
(for example, tax increment financing, see Greenbaum & Landers, 2014). 
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Chapter 3 Research framework 
Given the knowledge gaps identified in Chapter 2, this chapter establishes an overall 
research framework that sums research objectives, research design and then 
identifies the main tasks to guide this research. 
3.1 Theoretical framework 
The overall aim of this research is to enhance the understanding of BRT’s impact on 
property values. Based on the knowledge gaps identified in the literature review in 
Chapter 2, four research objectives undertaken to achieve this aim:  
1) to explain the variation in empirical findings for capitalisation effects of 
BRT; 
2) to estimate the BRT impact on property values in the city with low density, 
high car ownership and limited variation in socio-economic status, as in 
the country context of Australia; 
3) to examine the capitalisation effects of open-system BRT with 
consideration of feeder line networks; and 
4) to propose a method of predicting property value effects of future transit 
project.  
Correspondingly, the theoretical framework of this research, as established in this 
chapter, is shown in Figure 3-1.  
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Figure 3-1 Theoretical framework 
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3.2 Research design 
To undertake the four objectives proposed in this research, four studies have 
been designed; namely, Study 1, Study 2, Study 3 and Study 4 (see Figure 3-
1), to enhance an understanding of BRT’s impact on property values, from four 
different perspectives. 
First, this research seeks to enhance an understanding of empirical 
findings by explaining the variation the estimated change in values arising from 
BRT investments using a meta-analysis approach. The literature on land and 
property values demonstrates a great deal of variability in the estimated change 
in values arising from BRT investments. While some efforts have been made to 
address these variations, the findings are limited due to insufficient studies and, 
more importantly, the inherent weakness in the analysis methods.  
Study 1 employs meta-analysis techniques to systematically investigate 
the variation in estimates of BRT impacts on land and property values reported 
in the literature. It aims to identify the factors that have impact on estimated 
LVU from BRT investments, which can help to better understand BRT system 
accessibility benefits reported in the literature and in cases where no empirical 
evidence is available. 
Second, this research contributes to the literature by adding the evidence 
for capitalisation effects of BRT from the city with low density, high car 
ownership and limited variation in socio-economic status, as in the context of 
Australia. In 2014, when this research commenced, the literature examining 
BRT’s contribution to the appreciation of urban land values was scarce, in part 
due to the short operating time of newly constructed BRT systems in most cities 
(Stokenberga, 2014). A limited number of studies identified BRT’s ability to 
uplift land values but in cities of developing countries with successful BRT 
systems in Latin America and Asia. Study 2 contributes to the literature by 
conducting an exploratory analysis of impact of BRT on residential property 
values, drawing on the SEB in Brisbane, Queensland, a full-featured BRT 
network in Australia as a case study, 
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Third, this research aims to enhance an understanding of BRT’s impact 
on property values by investigating a special issue in capitalisation effects of 
BRT, which has not been considered in literature. Few studies have considered 
that the flexibility of BRT operations could impact the capitalisation effects. 
Most of the existing literature focused on the BRT corridor catchment area; 
however, as discussed in Section 2.3, feeder line stops could provide 
significant system accessibility advantages, especially for an open-system BRT, 
which should be considered when examining the BRT property value impacts. 
Study 3 presents an investigation of the impact of an open-system BRT 
network on property values by considering feeder bus lines as part of the BRT 
system in Brisbane, Australia. This investigation has significant implications for 
future studies to inform a comprehensive understanding of property uplift 
effects within both the BRT corridor and feeder line service areas.  
Finally, this research focuses on how to predict the property value effects 
of future transport infrastructure. Empirical studies that investigate the transport 
impact on urban land/property values by analysing land/property value 
changing with the interference of transport infrastructure using empirical data of 
either real land/property transactions prices, rental prices or evaluation prices. 
Studies that have reported land and property value appreciation due to the 
introduction of transport modes include Rodriguez & Targa, 2004; Agostini & 
Palmucci, 2008; Muñoz-Raskin, 2010; Pan & Zhang, 2008; Deng & Nelson, 
2010; Perk et al., 2010 and Cervero & Kang, 2011; however, the obvious 
research gap is how to estimate the LVU for future transport infrastructure. This 
is a critical factor for the development and implementation of LVC financing 
mechanisms (such as tax increment financing, see Greenbaum & Landers, 
2014). Study 4 contributes to the literature by proposing a method for the 
prediction of property value uplift for future infrastructure, using SEB extension, 
a future BRT infrastructure in Brisbane, as a case study. 
3.3 Research tasks 
This section further elaborates the specific questions and tasks underpinning 
the empirical studies to be conducted in this research (that is, Studies 1 to 4). 
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3.3.1 To explain the variation in empirical findings for capitalisation effects of BRT 
(Study 1) 
To explain the variation in empirical findings for capitalisation effects of BRT, 
Study 1 seeks to answer the research question that why do estimates of BRT 
impacts vary from case to case in literature. This is achieved by conducting the 
first meta-analysis of empirical studies that estimated the amount of LVU 
attributable to BRT. Further, by making use of the findings from meta-analysis 
technology, this study is also a comparative analysis of BRT impacts with those 
of rail-based transits, to examine what differences exist between the LVU of 
BRT compared with rail-based transit. This is particularly relevant today given 
that policy makers contemplating transit infrastructure investments are typically 
faced with a decision between BRT and rail. Therefore, this study will focus on 
the following two sub-questions:  
(1) What are the factors and to what extent can they contribute to the 
variation of land and property value changes from BRT investments?  
(2) How do land and property value changes from BRT investments vary 
from rail transit investments?  
Figure 3-2 shows the overall workflow for Study 1, conducted in four steps to 
answer the above two sub-questions. 
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Figure 3-2 Overall workflow for Study 1 
The first activity was the searching for journals, conference proceedings, 
books, reports and theses to create a literature database for empirical studies 
that quantitatively estimate the impact of BRT on land and property values. 
Next was the definition of categories of factors that can cause variations in the 
estimated change in land/property values and produce summary tables from 
papers. These data were structured and applied to a designated meta-analysis 
model. The model results helped to identify the factors that have significant 
impact on estimated LVU from BRT investment. Finally, by making use of the 
quantifiability advantages of meta-analysis technology, Study 1 compares the 
results with previous findings from a meta-analysis study on rail-based transits 
to investigate the variations between LVU from BRT and rail transit investments 
3.3.2 To estimate the BRT impact on property values in the city with low density, high 
car ownership and limited variation in socio-economic status, as in the country context 
of Australia (Study 2) 
Drawing on the SEB in Queensland as a case study, Study 2 aims to generate 
empirical evidence on the impact of BRT on property values, by focusing on the 
following two sub-research questions:  
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1) How does the improved accessibility by SEB impact on residential 
property values? 
2) How does the impact by SEB on property values vary spatially? 
First, a Hedonic Price Model (HPM) will be developed to explore the value 
of accessibility to the SEB station. HPM is a commonly used methodology in 
real estate appraisal, in which the value of a property is determined by the 
characteristics of the house itself, the locational characteristics, as well as the 
characteristics of the surrounding neighbourhood (Rosen, 1974). Through 
regression modelling, HPM can estimate the extent to which each of these 
factors affects the property values. In this study, the estimated coefficient of 
variable of the accessibility to the nearest BRT station measures the attribution 
of BRT offers to the whole house sale value. 
To investigate Question 2), a Segmented Regression Model (SRM) will be 
employed to investigate the spatial variation of the BRT’s impact on the 
property values. Based on HPM, SRM adds a set of dummy variables for the 
distance to BRT corridor to reveal how the BRT impact on the property values 
changes with different BRT station accessibility and different distance to BRT 
corridor. 
3.3.3 To investigate the capitalisation effects of open-system BRT with consideration 
of feeder line networks (Study 3) 
Before investigating the impact of open-system BRT on property values in 
Brisbane, this research conducts a preliminary analysis of smartcard data to 
understand the open-system operation mechanism in terms of catchment areas 
and passenger volumes and in particularly, to examine the importance of 
feeder line service in the open-system BRT. Figure 3-3 shows the theoretical 
framework to investigate the capitalisation effects of open-system BRT. 
Therefore, two research questions are pertinent to Study 3:  
1) How and to what extent do direct feeder lines in open-system networks 
impact on the use of BRT services? 
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2) Does BRT feeder line influence surrounding property values in an open-
system BRT?   
Study 3: The impact of an open-
system Bus Rapid Transit (BRT) 
network on property values: A 
Brisbane, Australia Case Study
How does an open-system bus rapid 
transit (BRT) facilitate mobility? A 
visual analytic analysis of Brisbane, 
Australia
Preliminary study
Does BRT feeder line 
influence surrounding 
property values in an open-
system BRT?
How and to what extent does 
direct feeder lines in open-
system networks impact on 
the use of BRT services?
Objective 3:Investigate the 
capitalisation effects of open-
system BRT with 
consideration of feeder line 
networks
 
 Figure 3-3 Theoretical framework to investigate the capitalisation effects of open-
system BRT 
The Preliminary Study, as shown in Figure 3-3, seeks to answer the first 
research question by employing a visual analytic approach to show how an 
open-system BRT in Brisbane facilitates daily mobility using public transport 
smartcard data. Based on Go card data for one day (March 12, 2013) this study 
visualises the trajectories of all the BRT passengers to provide an overview of 
catchment areas and passenger volumes. The Cesium framework, based on 
WebGL, is employed to produce 3D web maps of BRT passenger flows to and 
from Brisbane Central Business District (CBD). To further analyse how and to 
what extent the direct feeder line services can affect BRT usage, comparable 
maps will be produced, assuming a closed-system BRT in Brisbane. Finally, the 
results will be presented in the web with four 3D maps (based on WebGL 
Virtual Globe) for inbound and outbound flows of BRT passengers in open and 
closed-system BRTs, respectively.  
Question 2) in Study 3 aims to investigate if improved accessibility, due to 
an open-system BRT network, results in higher property values within feeder 
line catchment areas. Feeder line stops are selected and included as part of the 
open-system BRT based on the results from the preliminary study. In this study, 
a Geographically Weighted Generalized Linear Model (GWGLM) will be 
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employed with its semi-parametric variants to investigate the impact of open-
system BRT network on property values and its spatial variation. 
3.3.4 To propose a method of predicting property value effects of future transit project 
(Study 4) 
Study 4 is an exploratory prediction of the property value uplift for future 
infrastructure, using SEB extension, a future BRT infrastructure in Brisbane, as 
a case study. Despite hundreds of LVU studies having been conducted (with 
some driven for LVC purposes) they are generally focused on the theoretical 
implications of examining the relationship between transport accessibility and 
land values to justify the LVC as an alternative financing tool.  
To be more specific, existing studies all focus on existing infrastructure. 
What are the LVU effects for future transport infrastructure? It is of no doubt 
that empirical studies can help in the understanding and predicting of LVU 
effects, but what is the next step from empirical studies? Study 4 aims to 
explore how the LVU effects for future transport infrastructure are predicted. 
Further, how can empirical experiences be applied for the prediction of the LVU 
effects for future transport infrastructure. 
Study 4 proposes a method to predict LVU effects for future infrastructure. 
Using this method, the property value uplift brought by SEB extension will be 
predicted as a case study. A map of property value uplift within SEB extension 
catchment area will be produced to present the prediction results.
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Chapter 4 Study 1: The impact of BRT on land 
and property values — a meta-analysis 
Chapter 4 has been submitted as a peer-reviewed journal article to Land Use 
Policy (revised and resubmitted under the second round of peer review). The 
related information presented in previous chapters of this thesis may be 
repeated in the introduction and literature review parts of this chapter, to retain 
the structure and argument of the original peer-reviewed journal article; 
however, the article sections have been slightly re-configured to conform with a 
thesis structure.  
4.1 Abstract 
BRT has become a popular transit solution for cities worldwide wanting to 
improve urban mobility and economic opportunities related to land/property 
value uplift (LVU); however, the literature reports a mixed impact of BRT on 
land and property values. This research aims to explain the variation in these 
impacts by conducting the first meta-analysis of 23 empirical studies that 
estimated the amount of LVU that is attributable to BRT. Using a random 
effects model, four categories of factors that may influence estimates of BRT 
impacts are analysed, namely 
1. BRT system characteristics;  
2. land type and accessibility;  
3. research methods; and  
4. spatial/temporal characteristics of the case study.  
The results identified several factors that were found to have a statistically 
significant impact on estimated LVU from BRT investments. A highlight of Study 
1 is that, by making use of the findings from meta-analysis technology, a 
comparative analysis of BRT impacts with those of rail-based transit is 
conducted to see what, if any, differences exist. The findings from this analysis 
suggest recommendations for future studies on the impact of BRT on land and 
property values (see Chapter 8). They can also help to better understand BRT 
system accessibility benefits, particularly in cases where no empirical evidence 
 37 
is available, for informing policy analyses related to public transport funding 
through land and property value gains.  
Key words 
Bus Rapid Transit, land value uplift, value capture, meta-analysis, random 
effects model 
4.2 Introduction 
Over the past several decades, BRT, which combines stations, vehicles and 
technology into a high-quality rail-like service, has become a popular transit 
solution for cities worldwide (Weinstock et al., 2011). BRT, like other transit 
systems, is expected to improve urban mobility and also bring economic 
benefits and opportunities of land development to cities, such as the 
capitalisation effect on its pedestrian catchment’s land and property values. 
Researchers and practitioners have shown interest in the value BRT can add to 
urban real estate prices. LVC is increasingly being seen as a potential way to 
finance transport projects given widespread government fiscal restraint (Mathur 
& Smith, 2013).  
Many empirical studies have been conducted to estimate and measure 
the amount of land value uplift (LVU) attributable to BRT access. Academic 
literature finds evidence of land and property value appreciation attributed to 
BRT (Cervero & Kang, 2011; Mulley, 2014; Munoz-Raskin, 2010; Zhang & 
Wang, 2013); however, others have reported no land value increases or in 
some cases negative effects (Salon, Wu, & Shewmake, 2014; Targa, 2003; 
Ulloa, 2015;  Zhang & Liu, 2015). Why do estimates of BRT impacts vary 
across these studies? Some researchers argue that BRT’s flexibility also 
appears to be its main weakness because BRT infrastructure is perceived to be 
less permanent than rail-based infrastructure (Rodríguez & Targa, 2004).  
A review study conducted by Stokenberga (2014) examines the 
methodologies, underlying theories and findings on BRT price impacts, 
reporting that land-use and value impacts are not uniform across BRT systems. 
This study only reviewed a few mature BRT systems reviewed in Latin America 
and Asia, given the literature examining BRT’s contribution to the appreciation 
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of land and property values remain scarce. Another recent review study 
involved a larger number of studies, but used traditional review techniques 
arguing that a fundamental source of variability was the lack of empirical 
specificity, particularly related to the use of proximity as the dominant way of 
capturing LVU (Higgins & Kanaroglou, 2016). However, findings from these 
traditional review studies are limited and far from comprehensive since 
information is collected and interpreted unsystematically. 
While not a new idea, systematic reviews (where overviews of the 
literature are undertaken by identifying, critically appraising and synthesising 
results of primary research studies using an explicit, methodological approach, 
see Khan et al., 2001) have already be used to summarise more reproducible, 
rigorous and comprehensive evidence on land capitalisation effect of transit 
systems. 
Some researchers have conducted such a systematic review, but only for 
rail-based systems (Debrezion et al., 2007; Mohammad, et al., 2013). As such, 
this study aims to contribute to the literature by providing the first systematic 
meta-analytic review of BRT impacts on land and property values. Another 
interesting aspect of this research is examining what differences exist between 
the LVU of BRT compared with rail-based transit. This is particularly relevant 
today, given that policy makers contemplating transit infrastructure investments 
are typically faced with a decision between BRT and rail. The research 
questions of this study include:  
(a) What factors and to what extent can they contribute to the variation of 
land and property value changes from BRT investments?  
(b) How do land and property value change from BRT investments vary 
from rail transit investments? 
The remaining parts of this chapter is structured into the following four 
sections. Section 4.3 discusses previous meta-analysis studies on LVU from 
transit investments and provides a review of literature on BRT’s impact on land 
and property values. The data used, and the design of meta-regression model, 
is summarised in the Methods section (section 4.4). The results are then 
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provided in Section 4.5, followed by a discussion of difference between the LVU 
impacts of BRT, compared with rail-based transit. Section 4.6 is a conclusion 
that focuses on the significance of the findings and implications for future 
research and policy. 
4.3 Literature review 
4.3.1 Meta-analysis studies on LVU from transit investments 
Systematic reviews originally gained popularity in the health care field and are 
regarded as the strongest form of medical evidence. Today, systematic reviews 
are increasingly prevalent in other fields as they provide a higher degree of 
evidence, and are more reproducible, rigorous and comprehensive compared 
with traditional literature reviews (Laberge, 2011). 
On the topic of the LVU from transit investments, there are only two 
studies that use quantitative systematic review techniques, and both were 
designed to examine rail transit. Debrezion et al. (2007) explain the variation in 
property value2 changes around rail stations with different study setting features. 
The results from their meta-analysis of relevant literatures indicate that the 
study characteristics including property type, station type and the inclusion of 
other accessibility variables (such as highways) in the underlying model 
produce significant variations in railway stations impact on property values.  
Mohammad et al. (2013) conducted a more extensive meta-analysis of 
the impact of rail projects on land and property values, with a larger dataset of 
case studies, considering a wider range of contextual and methodological 
characteristics of related studies that are expected to influence results. A larger 
number of factors were identified to have influence from the estimates of 
empirical studies, including land use type, rail service type, the rail system life 
cycle maturity, the distance to transit stations, the geographical location, 
accessibility to roads, methodological characteristics, as well as land type (that 
is, land or property). 
                                                          
2 This study analyses the impact of BRT on both land and property values. If only property value is 
mentioned here, it refers to property value only. So too, land value. 
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This study contributes to literatures by conducting the first systematic 
review on BRT’s impact on land and property values. In addition, drawing on 
the findings from previous systematic review on rail transit, this study further 
presents a comparison analysis on BRT compared with rail transits’ 
capitalisation effects. The following section introduces the literature data base 
for meta-analysis and presents a state of art review for LVU. 
4.3.2 BRT’s impact on land and property values  
Based on the topic and defined research questions, this study located the 
relevant literature in order to create an up-to-date dataset for meta-analysis. 
There are 23 case studies that quantitatively estimate the impact of BRT on 
land and property values published in journals, conference proceedings, books, 
reports and thesis.  
Table 4-1 summarises the case studies used in meta-analysis and details the 
case study information and main findings.  
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Table 4-1 Summary of literature for the meta-analysis 
Global 
geo-
graphical 
location 
Authors Year BRT Systems City 
Type of 
reported 
value* 
Main findings 
South 
America 
      
 
Targa 2003 
TransMilenio two-
lane Busway 
system 
Bogotá, 
Colombia 
Asking 
price 
Premiums between 
2.4% and 3.7% in the 
advertised rental price 
for properties located 
0.1km closer or more 
from Busway station. 
Rodriguez 
and Targa 
2004 
BRT stations in 
Bogotá 
Bogotá, 
Colombia 
Asking 
price 
For every 5min of 
additional walking 
time to a BRT station, 
the rental price of a 
property decreases 
between 6.8% and 
9.3%. 
Rodriguez 
and 
Mojica  
2009 TransMilenio 
Bogotá, 
Colombia 
Asking 
price 
Price increases of 13-
14% for intervention 
areas 
Munoz-
Raskin 
2010 TransMilenio 
Bogotá, 
Colombia 
Asking 
price 
Properties within 10 
min walk to the trunk 
stations were valued 
4.8% higher than the 
properties outside the 
10 min walking 
distance. 
Perdomo 
et al. 
2010 TransMilenio 
Bogotá, 
Colombia 
Asking 
price 
Ease of access to 
TransMilenio is 
capitalised in the 
prices of residential 
properties at a rate of 
between 5.8% and 
17%. 
Perdomo 2011 TransMilenio 
Bogotá, 
Colombia 
Asking 
price 
If the minimum 
distance between the 
observed property 
and the closest 
station increases by 
1m, its price/ m2 goes 
down by about 0.05%. 
North 
America 
      
 
Perk and 
Catala  
2009 
Martin Luther King, 
Jr. East Busway 
Pittsburgh
, US 
Ass-
essor 
prices 
Property 1,000 feet 
from a station is 
valued $9,745 less 
than a property 100 
feet away 
 Curley 2012 
New York City’s 
BX12 Select Bus 
Service 
New York 
City, US 
Assess-
or price 
Residential properties 
with immediate 
proximity to BX12 
stations after the 2006 
announcement and 
2008 opening were 
not more highly 
valued than control 
area properties. 
 
Hodel and 
Ickler 
2012 
The Franklin EmX 
line 
Eugene, 
US 
Sale 
price 
For every walking 
minute that separates 
a property from an 
EmX station, there is 
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Global 
geo-
graphical 
location 
Authors Year BRT Systems City 
Type of 
reported 
value* 
Main findings 
a premium of 0.18-
0.11% depending on 
the mode. 
 
 Perk et al. 2013 
Boston Silver Line 
Washington Street 
Corridor 
Boston, 
US 
Sale 
price 
For condominium 
sales in 2007 or 2009, 
the BRT premium was 
7.6%. 
 Ulloa 2015 RTC RAPID Reno, US 
Sale 
price 
The highest premiums 
for properties were 
found in an area 
between 0.4 to 0.8 
miles from a station 
with a premium of 
US$5,000 in adjusted 
sales prices. 
Asia       
 
Deng and 
Nelson 
2010 
The Beijing 
Southern 
Axis BRT corridor 
Beijing, 
China 
Asking 
price 
Apartment prices 
adjacent to a BRT 
station increased in 
value faster (2.3% 
annually) than those 
not served by BRT. 
 
Cervero 
and Kang 
2011 All BRTs in Seoul 
Seoul, 
Korea 
Assess-
or price 
Land price premiums 
of up to 10% were 
estimated for 
residences within 
300m of BRT stops. 
 
Ma, Ye, 
and 
Titheridge  
2013 
BRT line 1 BRT 
line 3 
Beijing, 
China 
Sale 
price 
No statistically 
significant effects 
were detected at BRT 
station areas. 
 
Zhang 
and Wang 
2013 Southern Axis Line 
Beijing, 
China 
Asking 
price 
No capitalisation was 
observed for 
residential properties 
proximate to the 
South Axis. 
 
Salon et 
al. 
2014 
Zhongshan 
Avenue BRT 
Guangzhou
China 
Asking 
price 
Apartments in low and 
middle apartment 
price distribution 
quantiles sold at 
higher prices if they 
were close to the 
BRT. 
 
Pang and 
Jiao 
2015 BRT route 1 
Beijing, 
China 
Sale 
price 
The values of homes 
located within 5–10 
minutes walking 
distance to BRT1 
stations were 5.35% 
higher than those 
located closer to or 
further away from 
stations. 
Australia       
 
Mulley 
and Tsai  
2013 
Liverpool-
Parramatta 
Transitway 
Sydney, 
Australia 
Sale 
price 
The effect of being 
located close to a LPT 
station after 
implementation was a 
decline of 17.1%. 
  Mulley 2014 
Liverpool- 
Parramatta 
Transitway 
Sydney, 
Australia 
Sale 
price 
For public transport 
accessibility, one-
minute saving in 
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Global 
geo-
graphical 
location 
Authors Year BRT Systems City 
Type of 
reported 
value* 
Main findings 
accessing a local 
shopping centre and 
the two employment 
centres located on the 
transitway gives an 
uplift in house price of 
AU$1,591 (0.7% of 
the mean house 
price). 
 
Zhang 
and Liu  
2015 
South East 
Busway 
Brisbane, 
Australia 
Sale 
price 
On average, every 
100-metre closer to a 
station decreases 
house prices by 
AU$1,133. 
 
Mulley et 
al. 
2016 
All Busways in 
Brisbane 
Brisbane, 
Australia 
Sale 
price 
For every 100m 
closer to a BRT 
station, the housing 
price increased by 
0.13%, which is 
equivalent to AU$749. 
 
Mulley 
and Tsai 
2016 
Liverpool-
Parramatta 
transitway 
Sydney, 
Australia 
Sale 
price 
Property price in the 
catchment areas was 
11% higher than the 
control areas upon 
opening of the LPT in 
2003 and 2004. 
 
Mulley et 
al. 
2017 
Brisbane South 
East Busway 
Brisbane, 
Australia 
Sale 
price 
An impact of 7% on 
housing prices for 
properties within 
800m of Busway 
stations upon opening 
of the South Eastern 
Busway. 
* Asking price is the price which the land or property owner listing for the market; Assessor price is the 
market price that assessor estimated for the land or property, which usually used for the purposes of 
taxation; Sale price refers to the real transaction price of land or property. 
Almost all quantitative case studies on the impact of BRT on land and 
property values were conducted after the year of 2000. This is most likely due 
to the fact that most BRT systems are newly implemented and too young to 
present evidence of land appreciation effects before 2000. However, there is an 
increasing interest on the impact of BRT on land and property values given a 
growing number of empirical studies in past few years. With regards to the 
geographic coverage of case studies, most of the empirical evidence in 
literature is from Latin American and Asian cities, implying the rapid growth in 
BRT popularity and implementation in these regions. In contrast, no quantitative 
studies are available for European BRT systems. The following section 
summarises case study locations, including South America, America, Asia and 
Australia. 
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South America 
TransMilenio (Bogotá, Colombia), one of the world's largest BRT systems that 
opened in 2000, has gained the most attention from scholars. A relatively large 
number of studies have been conducted on the TransMilenio. The results 
generally report positive impacts on property values, but with various levels of 
uplift between 1.2% to 17.0%. Rodriguez and Targa (2004) found property 
asking price increased by 6.8% to 9.3% for every 5 minutes of walking time 
closer to a station. Munoz-Raskin (2010) detected appreciation of property 
values within the immediate walking distance to the system. Furthermore, this 
study especially explored the proximity effects for few socio-economic 
characteristics. The results showed positive effects for middle-income 
properties proximate to the TransMilenio, while opposite results were found for 
low-income properties.  
North America 
Several studies were found for American BRT systems, including New York 
City’s BX12 bus service; the Franklin EmX line in Eugene, Oregon; the Silver 
Line in Boston, Massachusetts; Martin Luther King Jr. East Busway in 
Pittsburgh Pennsylvania; and the RTC RAPID in Reno, Nevada (Curley, 2012; 
Hodel & Ickler, 2012; Ulloa, 2015; Perk & Catala, 2009; Perk et al., 2013). On 
average, positive gains in property values in close proximity to these BRT 
stations were estimated between 0.23% and 10.9%.  
Asia 
In Seoul, Korea, one of the densest and most congested Asian cities, LVU that 
were up to about 10.0% were estimated for residential lands and more than 
25% for retail lands and other non-residential uses (Cervero & Kang, 2011). In 
China, the newly opened Guangzhou (China) BRT also found value-uplift 
effects up to 2.1% on properties that vary by district and the amenities provided 
(Salon et al., 2014). However, an empirical study in Beijing, another densely 
populated Asian city, reports that BRT (Beijing Line 1 and Southern Axis BRT) 
does not confer statistically significant effects on residential land value (Ma et 
al., 2013; Zhang & Wang, 2013).  
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Australia 
In Australia, the value-added effects of transport improvement are not as 
substantial as in the international cases of Asian and America cities. Mulley and 
Tsai (2013) report that no significant price premium was found for Sydney’s 
LPT using a repeat sales approach. Negative effects on residential properties 
were found around Brisbane’s SEB in a study based on HPM(Zhang & Liu, 
2015). The justifications from those studies are that because Australian cities 
are highly car dependent, proximity to public transit may not be an important 
factor influencing property-purchasing behaviour and therefore, housing prices.  
However, for the case of LPT, another longitudinal study with Difference in 
Difference (DID) methods has found some evidences of LVU around BRT 
stations, reporting property price in the catchment areas was 11% higher than 
the control areas upon opening of the LPT in 2003 and 2004 (Mulley & Tsai 
2016). Using similar research methods, Mulley et al. (2016) further identify a 
positive impact of 7% on housing prices for properties within 800m of Busway 
stations upon the opening of the SEB. 
It can be concluded that BRT impacts on land and property values are 
mixed and vary greatly across cases. The above review provides insights into 
the factors that may affect the estimates of land value changes, such as 
geographical location, social-economic characteristics, and research methods. 
However, a clear picture of the variation cannot be revealed, and no patterns 
can be observed at this stage. Therefore, the meta-analysis regression 
modelling approach is adopted in this study to systematically review current 
literature. The data and methods used in this meta-analysis are presented in 
the following section. 
4.4 Methods 
4.4.1 Data 
The meta-analysis data base includes 23 empirical studies that quantitatively 
estimate the impact of BRT on land and property values published in journals, 
conference proceedings, books, reports and thesis. Since the land and property 
value changes are reported in different units (for example, uplift in percentage 
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or in actual monetary values), it is necessary to have a unified unit for modelling. 
The majority of the studies use percentage changes in land and property values 
to measure LVU impact, which is unit-free and comparable with other studies. 
Therefore, the percentage change is used as the dependent variable in the 
meta-analysis. Thus, value changes reported in real monetary units would be 
transformed to percentage changes.  
With regard to the independent variables, four categories of factors that 
may influence on land and property values are considered based on the 
previous literature, namely: 
(1) BRT System characteristics;  
(2) land type and accessibility;  
(3) research methods; and  
(4) spatial/temporal characteristics of the case study.  
Figure 4-1 shows the conceptual framework of empirical study.  
 
 
Figure 4-1 Conceptual framework of empirical study 
Based on this conceptual framework, factors (that is, independent 
variables) are collected as numeric or categorical type from literature, this study 
further converted individual numeric and categorical variables to a dummy 
variable or a set of dummy variables with a reference group based on the 
distribution of the value and the number of categories.  
Table 4-2 shows the independent dummy variables that used in meta-
regression model. It also provides the information of the ‘count of the 
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observations that equal 1’ showing how many observations correspond to each 
dummy variable specification. 
Table 4-2 Independent variables used in this study 
Independent 
variables 
Description 
Count of the 
observations 
that equal 1 
BRT system factors 
(B) 
  
BRT system quality 
(2013 BRT Corridor 
Standard) 
  
D_Gold 1 if the BRT system is Gold system, 0 otherwise. 13 
D_Silver 1 if the BRT system is Silver system, 0 otherwise. 18 
D_Bronze 1 if the BRT system is Bronze system, 0 otherwise. 15 
 Reference: the BRT system is Basic BRT  
Type of BRT service   
D_Open 1 if the BRT is open system, 0 otherwise 
 
21 
BRT system maturity   
D_Operation0_3years 1 if the data are obtained immediately after system 
operation, 0 otherwise. 
24 
D_Highly_Mature 1 if the data are obtained more than 3 years after 
system operation, 0 otherwise. 
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 Reference: the data are obtained before operation  
Land type and 
accessibility factors 
(L) 
  
Property or land   
D_Property 1 If the outcome is a measure of property value, 0 
otherwise 
63 
Type of land/property   
D_Non_Residential 1 if the land/property type is non-residential, 0 
otherwise 
4 
Type of reported value   
D_Assessor 1 if assessor price of land/property is used, 0 
otherwise 
11 
D_Asking 1 if asking price of land/property is used, 0 
otherwise 
25 
 Reference: purchase or sales price of 
land/property is used 
 
Regional location of 
land/property  
  
D_CBD_Suburban 1 if the land/property is located either CBD or 
suburban, 0 otherwise. 
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D_Suburban 1 if the land/property is located in suburban, 0 
otherwise. 
23 
 Reference: the land/property is located in CBD  
Distance to BRT station   
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Independent 
variables 
Description 
Count of the 
observations 
that equal 1 
D_50 1 if the network distance to BRT station is between 
1 and 50m, 0 otherwise. 
8 
D_100 1 if the network distance to BRT station is between 
50 and 100m, 0 otherwise. 
10 
D_400 1 if the network distance to BRT station is between 
100 and 400m, 0 otherwise. 
19 
D_800 1 if the network distance to BRT station is between 
401 and 800m, 0 otherwise. 
18 
D_1200 1 if the network distance to BRT station is between 
801 and 1200m, 0 otherwise. 
9 
 Reference: the network distance to BRT station is 
more than 1200m 
 
Research methods 
factors (R) 
  
Analysis method   
D_GWR 1 if the study uses Geographically Weighted 
Regression (GWR) model, 0 otherwise. 
8 
D_DID_B 1 if the study uses Difference-in-Difference (DID) 
model with control area, in which the control area 
is selected based on distance, 0 otherwise. 
15 
D_DID_PSM 1 if the study uses DID model with control area, in 
which the control area is selected based on 
Propensity Score Matching (PSM), 0 otherwise. 
6 
D_HPM 1 if the study uses Hedonic Price Model (HPM), 0 
otherwise. 
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 Reference: the study uses Repeat Sales Model  
Model type   
D_Semi_Log 1 if the model type is semi-log, 0 otherwise 47 
D_Double_Log 1 if the model type is double-log,0 otherwise 14 
 Reference: Model type is Linear Regression  
Property characteristics 
are used 
  
D_Pro_Charac 1 if property characteristics are used in study 
analysis, 0 otherwise. 
62 
Study includes 
accessibility of transit 
systems other than 
BRT 
  
D_Accessibility 1 if the study includes other transport 
accessibilities in the analysis, 0 otherwise. 
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 Reference: Study uses accessibility to BRT station 
only 
 
Study controls for 
neighborhood 
characteristics 
  
D_Neibour 1 if neighborhood characteristics are controlled in 
the model, 0 otherwise 
45 
Spatial and temporal 
factors (S) 
  
Time of case study data 
collection 
  
D_2000_2010 1 if the data is collected between 2000 and 2010, 
0 otherwise 
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Independent 
variables 
Description 
Count of the 
observations 
that equal 1 
 Reference: the data is collected after 2010  
Geographical location   
D_Asian 1 if the study is in Asia cities, 0 otherwise 23 
D_South_Ame 1 if the study is South American cities, 0 otherwise 15 
D_Australian 1 if study is in the Australian cities, 0 otherwise. 26 
 Reference: Study is in the North American cities  
Study type   
D_Cross 1 if the study is a cross-sectional study, 0 
otherwise. 
45 
 
BRT system factors 
BRT systems present great variation in their infrastructure and operation 
mechanism. This variation might impact on BRT’s ability to promote LVU. This 
study thus introduced a set of dummy variables of BRT attributes, including the 
BRT system quality, the operation mechanism and the mature level of the BRT 
system 
First, this study uses The BRT Standard3 to present the BRT system 
quality. It evaluates BRT corridors based on a range of metrics to establish a 
common definition and ranks BRT corridors with Basic, Bronze, Silver, or Gold. 
The lowest level of BRT is termed ‘Basic BRT’, which refers to corridors that 
present a set of elements minimally qualified as a BRT. Three dummy variables 
are included to present the ranking of BRT based on BRT Standard, using 
Basic BRT as a reference group.  
Second, the operation mechanism of BRT system, open system or closed 
system, is also included as an independent variable in the model. A closed BRT 
system does not allow buses in the system moving outside the corridor and 
other buses cannot operate within it. With an open BRT system, this operation 
limitation does not exist. Thus, closed and open BRT systems with 
distinguishable operation characteristics could suggest different system 
performance and the consequent capitalisation effects within service area. 
                                                          
3 The BRT Standard is an evaluation tool for world-class bus rapid transit (BRT) developed by the Institute 
of Transportation and Development Policy. Available at https://www.itdp.org/library/standards-and-
guides/the-busrapid-transit-standard/ (accessed 6 August 2015). 
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Although few research studies have specifically investigated how the 
capitalisation effects around corridors of these two systems differ, this study 
seeks to test if this variation exists by a systematic review of literature.  
Finally, a newly constructed BRT system is usually thought too young to 
exert impact on surrounding land and property values. Thus, a set of dummy 
variables was created to disguise the maturity level of the BRT system. The 
ramp-up period of BRT is typically 6–12 months. However, not only the actual 
meaning but also the distribution of the value is considered in the definition of 
variables. All of case studies use the data of a year or more. It does not make 
sense to create two variables for BRT 0–6 months and 6–12 months 
respectively. What is more, most longitudinal studies have a longer observation 
period (several years). By considering both the actual variable meaning and the 
number of enough observations for statistical analysis, the variable of BRT 
system life cycle maturity was finally categorised into three groups. They are 
before opening (nine observations), 0 to 3 years after opening (24 observations) 
and 3 years or more after opening (45 observations). The first is used as a 
reference group. For BRT systems that operated over three years, it is 
considered that the BRT system is highly mature with possible BRT network 
expansions. Empirical evidence shows that the expansions of BRT network for 
highly mature systems may also be capitalised onto land values of properties 
already served by BRT due to improvement of regional accessibility (Rodríguez 
and Mojica, 2009). 
Land type and accessibility factors 
There are a few independent variables derived from the attributes of observed 
land/property, including the observation types (land or property) and land use 
types (residential or non-residential). It should be noted there are only four 
observations for non-residential property/land in meta-analysis samples (see 
Table 4-2). Attention should be paid to land use type because there were an 
insufficient number of observations to generate statistically significant results. 
Dummy variables for different value type observed are specified; namely, 
asking prices, assessor prices and purchase prices. The market prices are 
usually regarded as the optimal representation of land/property values. 
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However, in some case studies, researchers use assessor or asking prices as 
a proxy for the actual transaction prices, due to data limitations (see Targa, 
2003; Rodriguez and Targa, 2004; Perdomo et al., 2007; Rodriguez and Mojica, 
2009; Perk and Catala, 2009; Salon et al., 2014). In our meta-analysis, the 
effect of using assessor and asking prices, as opposed to purchase price, was 
tested.  
Empirical studies show there are stronger capitalisation effects at stations, 
which are further away from the CBD (Bowes and Ihlanfeldt, 2001; Ma et al., 
2014; Mulley et al., 2016). Thus, the regional location of the observed 
land/property (that is, in the CBD or suburbs) is also considered. According to 
the analysis of the literature, two dummy variables are created for the cases in 
either CBD or Suburban, and Suburban only (using in CBD only as the 
reference group). Most importantly, the BRT accessibility, which is normally 
measured by the distance to the nearest BRT stations, is usually associated 
with the estimation results of land/property value changes. With the spatial 
variation of the BRT’s accessibility across study area, there is no doubt that the 
impact of BRT on land/property values varies spatially around BRT systems. 
Most empirical studies report that BRT would have impact within the area of 
1200m to BRT stations. This study introduces six dummy variables of distance 
(50m, 100m, 400m, 800m, 1200m and further than 1200m) to capture how the 
land value changes spatially around BRT stations. In the model, the distance 
further than 1200m is selected as the base group, as the BRT impact might be 
weak in this case. 
Research methods factors 
It is recognised that the results of LVU from transit investments are sensitive to 
the research methods used (Debrezion et al., 2007; Smith & Gihring, 2006). 
According to the analysis of literature, five dummy variables are created for 
analysis methods including DID model, Geographical Weighted Regression 
(GWR) model, HPM and the repeat sales model.  
In particular, two dummy variables of DID models are used to present 
different methods that have been used to selected catchment and control areas 
for DID analysis, distance based (the control areas are selected based on the 
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distance to BRT station) and Propensity Score Matching (PSM). This study also 
tests for the effects for other research methods factors including: 
• model type (that is, double log, semi-log or linear regression);  
• variable setting differences. that is, land and property 
characteristics are controlled or not; and 
• neighbourhood attributes of property are controlled or not.  
Spatial and temporal factors 
Finally, this study accounts for three spatial and temporal factors to capture the 
macroscopical economical effects on the studies including: the case study data 
collecting date (that is, between the year of 2000 and 2010 or after the year of 
2010; the geographical location (that is, Asia, South America, Australia or North 
America); and the nature of case study (that is, cross-sectional or longitudinal). 
Some studies have reported various value changes of land/property for 
different scenarios. For example, in a case study of BRT in Seoul, Korea, 
Cervero and Kang (2011) reported there is value uplift of up to 10% for 
residential properties within 300m of BRT stops and more than 25% for retail 
and other non-residential uses over a smaller impact zone of 150m. For this 
single study, six samples of various value changes for different land type and 
BRT accessibility are collected. Finally, a total of 79 samples of estimation 
results are obtained for meta-regression modelling. 
4.4.2 Meta-analysis regression model 
In order to find the relationship between one or more covariates (moderators) 
and a dependent variable, regression modelling is one of the most commonly 
used approaches. Therefore, this study uses a regression model in the meta-
analysis to test whether there is a relationship between estimates of land value 
changes due to BRT investments (dependent variable) and the factors of study 
characteristics (covariates) identified in Section 4.4.1. 
The conceptual meta-analysis model in this study is shown in Eq (4-1): 
P=f (B, L, R, S)                                                                                 (4-1) 
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Where: 
P=percentage change in land/property values due to BRT investments; 
B=vector of variables that describes variables of BRT system factors; 
L=vector of variables that describes variables of land type and 
accessibility factors 
R=vector of variables that describes variables of research methods 
factors 
S=vector of variables that describes variables of spatial and temporal 
factors 
The meta-analysis model can be estimated as either a fixed effects model 
or a random effects model. The selection of a computational model should be 
based on the nature of the studies and the study goals (Borenstein et al., 2010). 
Fixed effect models consider a common effect size based on the assumption 
that all studies are functionally identical. However, this is likely to be violated in 
this meta-analysis model since the data was collected from a series of studies 
that had been performed by other researchers. It is possible that some 
interventions in these studies would have differed in ways that would have 
impacted on the results. As such, it is assumed that there is a random ‘group’ 
effect and the levels we observe in that group to be samples from a larger 
population. This is justified by a statistically significant heterogeneity (Q) test, 
which is used as a criterion for selecting the model, suggesting the real change 
in land and property values across case studies is not unique. 
The specific meta-analysis regression model used in this study is shown in Eq 
(4-2). 
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Where:  
Pij = the jth observed percentage change in land/property values due to 
BRT investments in study i. 
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α0=intercept constant term 
Bij,k = the kth meta-regressor of BRT system factors for the jth observation 
in study i. 
Lij,k = the kth  meta-regressor of land type and accessibility factors for the 
jth observation in study i. 
Rij,k = the kth meta-regressor of research methods factors for the jth 
observation in study i. 
Sij,k = the kth meta-regressor of spatial and temporal factors for the jth 
observation in study i. 
,,,,k kkk  = estimated model parameter associated with meta-regressor 
of study factors                                                                                       
i  = study-specific effect 
ij  = model disturbance term 
4.5 Results and discussion 
4.5.1 Meta-analysis model results 
Two meta-analysis models with different model specifications were developed. 
Model 1 tests the relationship between the percentage changes in land/property 
values due to BRT investments in relation to all identified factors in Table 4-2.  
Model 2 excludes statistically insignificant factors in Model 1 to eliminate 
their possible disturbance effects. Estimation results from these two models are 
presented in Table 4-3. The likelihood-ratio test for the random effects model 
suggested that the random effects model is preferred over a fixed effects model 
with consideration of study-specific effects.  
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Table 4-3 Meta-regression model results 
 Model 1 Model 2 
Parameter Estimate 
Std. 
Error 
Sig. Estimate Std. Error Sig. 
Intercept .205 .130 .119 .118 .056 .058* 
BRT system factors (B) 
D_Gold .035 .048 .472 
   
D_Silver -.006 .055 .910 
   
D_Bronze -.078 .057 .176 
   
D_Open .025 .064 .697 
   
D_Operation0_
3years 
.0113 .027 .673 .014 .022 .540 
D_Highly_Matu
re 
.029 .029 .334 .043 .024 .077** 
Land type and accessibility factors (L) 
D_Property -.347 .124 .007*** -.275 .090 .012** 
    
   
D_Non_Reside
ntial 
.020 .032 .539 
   
D_Assessor -.179 .095 .064** -.073 .044 .121 
D_Asking .082 .093 .006*** .122 .070 .031** 
D_CBD_Subur
ban 
-.007 .026 .788 
   
D_Suburban -.024 .022 .280 
   
D_50 .094 .044 .036** .130 .039 .002*** 
D_100 -.040 .035 .257 -.017 .033 .607 
D_400 .008 .030 .794 .032 .026 .240 
D_800 .022 .032 .487 .048 .029 .114 
D_1200 .016 .035 .655 .053 .039 .122 
Research methods factors (R) 
D_GWR .020 .037 .585 .021 .031 .499 
D_DID_B .104 .032 .002*** .081 .028 .007** 
D_DID_PSM .066 .030 .029** .065 .028 .028** 
D_HPM .008 .018 .662 -.000 .014 .982 
D_Semi_Log -.001 .022 .975 
   
D_Double_Log -.040 .039 .308 
   
D_Pro_Charac .066 .058 .259 
   
D_Neibour -.027 .036 .447 
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 Model 1 Model 2 
Parameter Estimate 
Std. 
Error 
Sig. Estimate Std. Error Sig. 
Spatial and temporal factors (S) 
D_2000_2010 -.026 .039 .440    
D_Asian -.079 .058 .178 -.099 .040 .032** 
D_SouthAme -.107 .088 .227 -.089 .059 .161 
D_Australian -.104 .049 .035** -.064 .031 .062* 
D_cross -.006 .022 .779    
Likelihood ratio test vs. linear regression: 
Prob >= 
chibar2 
.000   .000   
-2 Log 
Likelihood 
-245.772   -161.837   
* Significant at the 10 % level of significance with robust standard errors. 
** Significant at the 5 % level of significance with robust standard errors. 
*** Significant at the 1 % level of significance with robust standard errors. 
BRT system factors 
The results from Model 1 (see Table 4-3) show that no statistical relationship 
was found between LVU and BRT system factors that include BRT system 
quality, operation mechanism and maturity. This might be due to the fact that 
public transport alone is not a sufficient condition for significant land 
development as a number of other factors are necessary. (Knight & Trygg, 
1977; Huang, 1996; Cervero & Landis, 1997; Gospodini, 2005; Cervero, 2009), 
such as the overall rate of growth and demand for development in the city, 
relative ease of land assemblage in the station area, zoning incentives and 
constraints, and physical characteristics of the station area (Salon & Shewmake, 
2011). 
Model 2 results show a 4.3% increase in land/property values when the 
BRT system is highly mature (at least three years after opening). However, this 
effect is not noticeable in the results from Model 1. Further research is needed 
to provide more evidence on how a BRT system impacts on land value 
changes over time (for example, from announcement of the BRT project to 
starting of construction, the operation and/or expansion of BRT).  
Land type and accessibility factors 
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Several land type and accessibility factors were found to have statistically 
significant impacts on reported value changes. First, both Model 1 and 2 
suggest that there is a much stronger value-added effect on land than property 
rising from BRT investments (34.7% and 27.5% increases for Models 1 and 2, 
respectively). This can be explained by the fact that land has the flexibility to 
gain value from land use transition (for example, unimproved land to residential 
property), while properties are more fixed and unchangeable in the short to 
medium term. In some cases, developers might offer a higher price to land with 
the expectation of converting it to residential and/or commercial uses.  
Second, the estimated coefficient for the variable of property type 
(residential or non-residential) is not significant; however, this might due to 
small number of researches for non-residential land and properties (only four 
observations from two studies in the sample) to generate statistically difference. 
Future research is needed to enhance the understanding of BRT impact on 
non-residential land and properties. Third, the results for the estimates of 
assessor price and asking price are both significant in Model 1 at -0.179 
and .082, respectively. This suggests the use of asking price or assessor price 
instead of selling price as a proxy for land/property value might be problematic 
in LVU studies. All else being equal, if a study uses assessor price instead of 
sales price, the value-uplift is 17.9% lower than those using transaction price. 
However, if the reported value is the asking price of land/property, there may be 
a higher estimation of value uplift for about 8.2% than the actual value changes 
in sales price. Model 2 shows the value-uplift is estimated at a higher rate of 
12.2% using asking price for evaluation, compared with sales price.  
Property and land in CBD or suburban areas does not affect results 
significantly; however, there are some studies reporting stronger uplift effects at 
stations further away from the CBD compared with those that are closer 
(Bowes & Ihlanfeldt, 2001; Ma et al., 2014). It could be that this marginal effect 
is observed at the within-study level, but not at the between-study level. For the 
dummy variable sets of the distance gradient to the BRT station, only significant 
parameter is estimated within 50m of BRT station with a positive impact (0.094 
in Model 1 and 0.013 in Model 2). This result suggests that, although there is 
great variation in value uplift across studies, generally, properties/lands within 
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50m from BRT station on average show price premiums of 9.5% (13.0% for 
Model 2) compared with those 1200m away.  
Research methods factors 
The results confirm that different research methods can affect the findings in 
property and land value changes. In particular, some specific patterns are 
revealed in the relationship between the model type and reported value 
changes. In Model 1 (Model 2 yields similar estimates, thus only the results 
from Model 1 are discussed), DID is significant different from the repeat sales 
models (reference group). Further, DID model would have 10.4% higher impact 
if distance-based method is adopted to define the control area and 6.6% if PSM 
is used.  
These results support that the sampling and the control and catchment 
areas can create significant different outcomes in quasi-experimental 
approaches (Billings, 2011); further, distance-based methods have up to 3.4% 
higher estimate than PSM method. Other research methods factors, including 
model type and variable setting, do not have statistically significant effects on 
the estimated value changes. 
Spatial and temporal factors 
Finally, the results show significant variation in reported value changes across 
regions (that is, Asia, South American, Australia, and North America). Model 1 
indicates that BRT systems in Australia exert a 10.4% lower effect on 
property/value changes than those in North America. This could be expected, 
as several studies on Australian BRT systems report there is no significant 
value uplift, and even negative effects (Mulley & Tsai, 2013; Zhang & Liu, 2015).  
The extraordinarily low mode share of buses in major Australian cities 
could reduce the impact from BRT system to property price. In major Australian 
cities, the bus mode share only equates to about 5.0% of all trips, while private 
car mode share is around 86.0% (Cosgrove, 2011). This is much lower than 
other cities where significant value uplift is found rising from public investment. 
For example, the transit mode share is 59% for Bogotá’s TransMilenio BRT 
system, where relatively strong value-uplift effects are reported (De Movilidad, 
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2009). According to the results for the time of data and the nature of study, 
there are no significant LVU for studies conducted in 2000 to 2010, and those 
after 2010, and no significant differences in results is found between the cross-
sectional studies and longitudinal studies. 
4.5.2 LVU from transit investments: BRT versus Rail 
This study further integrates the results in Section 4.5.1 with rail-based transit 
from a meta-analysis study conducted by Mohammad et al. (2013) to explore 
how land and property value changes from BRT investments vary from rail 
transit investments. They selected 23 studies and conducted a meta-analysis 
for impact of rail project on land and property value changes. Percentage 
changes in value changes arising from investments in rail are also used to 
analyse the variation in underlying empirical evidence in relation to key 
dimensions of study-design characteristics. Most factors identified that 
produced statistically significant variations in the estimates are comparable with 
this study’s findings.  
Table 4-4 summarises the main findings from the meta-analysis from two 
studies. 
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Table 4-4 Reported land value changes from BRT and Rail transit systems 
 BRT Rail 
Reported land value changes (%) 
Min -.187 -.450 
Max .260 over 1 
Mean .026 .080 
Std. .070 .172 
 Factors 
Estimated 
impact on 
value 
changes 
Factors 
Estimated 
impact on 
value 
changes 
BRT/Rail system factors 
Type of 
BRT/Rail 
system 
System quality 
(Group by BRT Standard) 
not significant 
Commuter rail** 
(Re: light rail) 
.253 
 
Open BRT system  
(Re*: closed BRT system) 
not significant 
Heavy rail** 
(Re: light rail) 
-.117 
System 
maturity 
Highly mature BRT system 
Re: system before operation） .043 
Stabilised rail system  
(Re: system a few months 
after project 
announcement/before 
operation) 
-.145 
Land type and accessibility factors 
Reported 
values 
Property value 
(Re: land values) 
-0.347 
Property value  
(Re: land values) 
-.223 
Land type 
Commercial  
(Re: residential land/property) 
not significant 
Commercial  
(Re: residential land/property) 
.316 
Land price 
type 
Assessor price 
(Re: transaction price) 
-.179 - - 
 
Asking price 
(Re: transaction price) 
.082   
   
Sale prices  
(Re: rental price)  
not 
significant 
Property/Land 
location 
In CBD or suburban area not significant 
Either not in CBD or in both 
CBD and non-CBD area 
not 
significant 
 In suburban area  not significant - - 
Distance to 
station 
 50m .094 505-805m .087 
Research methods factors 
Analysis 
method 
Difference-in-Difference model with 
control area selected by distance 
(Re: repeat sales model) 
.104 - - 
 
Difference-in-Difference model with 
control area selected by PSM (Re: 
repeat sales model) 
.066   
   
Study compares average 
value changes over time  
(Re: Hedonic Price model) 
-.320 
Model type Semi-log (Re: linear regression) not significant 
Semi-log  
(Re: linear regression) 
-.150 
 Double-log (Re: linear regression) not significant 
Double-log  
(Re: linear regression) 
-.183 
Spatial and temporal factors 
Case study In Australian cities  -.104 - - 
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 BRT Rail 
Reported land value changes (%) 
Min -.187 -.450 
Max .260 over 1 
Mean .026 .080 
Std. .070 .172 
 Factors 
Estimated 
impact on 
value 
changes 
Factors 
Estimated 
impact on 
value 
changes 
geographical 
location 
(Re: North American cities) 
 - - 
In European cities  
(Re: North American cities) 
.146 
 
In Asian cities  
(Re: North American cities) 
not significant 
In East Asian cities  
(Re: North American cities) 
.158 
Study type 
Cross Study  
(Re: Longitudinal study) 
not significant 
Cross Study  
(Re: Longitudinal study) 
-.160 
*Reference group 
** Commuter rail usually operates between a city centre and middle to outer suburbs and commuter towns or other 
locations that draw large numbers of commuters—people who travel on a daily basis. Heavy rail refers to traditional 
high platform subway and elevated rapid transit lines.  
- Not applicable 
 
Table 4-4 shows that BRT impacts on land and property value changes 
vary from -0.187 to 0.260 with a mean of 0.026, while the value changes from 
rail projects show greater variation in the range between -0.450 and over 1 with 
a higher mean of 0.080. The more significant negative effects of rail systems on 
land and property values might be associated with the environmental pollution 
and the perceptions of crime risk in close proximity to rail stations. However, in 
general, rail systems are able to promote the LVU more greatly than BRT 
systems with maximums of more than 100.0% value uplift. 
The rail service type can bring different impacts on land and property 
values. Heavy rail exerts a lower impact on land value changes compared with 
light rail by around 11.7%, while commuter rail exhibits significantly positive 
impacts, by about 25.3%. However, no significant impact on value changes is 
identified for different type of BRT systems; neither from the system quality 
aspect nor from the operation mechanism. Some researchers argue that users 
tend to perceive BRT systems as a less permanent transit mode compared with 
rail, which presents less stable performance in capitalising accessibility benefits 
into land and property values (Rodríguez & Targa, 2004; Mulley & Tsai, 2013).  
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It is interesting to note the difference in terms of the impact of system 
maturity on land value for BRT and rail systems. Generally, estimated changes 
in land and property values for highly mature BRT system are significantly 
higher; by around 4.3% in comparison with not yet opened BRT systems. 
Nevertheless, the estimates for mature rail system were found to be lower by 
14.5% than results from the rail system immediately after announcement but 
before operation. This indicates there may be a lag in capitalisation effects of 
BRT systems. In comparison, estimated change in land/property values at the 
time of rail project announcement were higher compared with actual realised 
benefit after the system stabilises (Mohammed et al., 2013). 
Both BRT and rail systems show lower value uplift for property than land, 
by 34.7% and 22.3%, respectively. Commercial property generally gains more 
(31.6%) from rail investments in comparison to residential property and 
reported value type (sale price or rental price) does not cause difference for rail 
system. However, both of which are not the case for BRT systems. Property 
locations (that is, in CBD or suburban areas) do not affect reported value 
changes from these two systems. Besides, there is an apparent difference in 
the findings of distance from the land or property to a station. For BRT systems, 
land and property that is within 50m of a BRT station has significantly higher 
value change (9.4%), while for rail systems, the land and property had value 
appreciation effects of 8.7% if located a bit further from rail station – between 
505m and 805m. This may be because of the poorer quality environment 
around rail stations. On the other hand, these results imply a possible wider 
catchment area for rail stations compared with BRT stations. 
Methodological choices are found to have significant impacts on land and 
property value changes for both BRT and rail investments. For rail, estimates 
from studies that compare average values over time are found to be lower 
(32.0%) than those using HPM. Mohammad et al. (2013) argued that the limited 
number of studies using overall comparison of values could bias the estimates 
of change in land and property values in the meta-sample. Semi-log and 
double-log models produce significantly lower estimates of the change in 
values from rail investments by 15.0% and 18.3% compared with linear models, 
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respectively. In the case of BRT studies, the effects of exponential form of 
these models are insignificant.  
The results from meta-analysis of rail systems present a different picture 
of variation in reported value changes across continents than BRT results. For 
rail systems, land/property values in European and East Asian cities experience 
significantly higher impacts compared with North American cities. Finally, cross-
sectional data report to have lower estimates (16.0%) for the LVU from rail 
transit investments than panel or time-series data. 
4.6 Conclusion 
As there is an increasing interest in how much value BRT can add to urban real 
estate markets, a growing number of empirical studies have been conducted to 
estimate the land and property value uplift created by BRT systems. However, 
these estimates vary greatly from case to case. While some efforts have been 
made to address these variations, the findings are limited due to a lack of a 
sufficient number of studies and, more importantly, the inherent weakness in 
the analysis methods. This study contributes to literature by employing meta-
analysis techniques to systematically investigate the variation in estimates of 
BRT impacts on land and property values reported in the literature. 
After conducting a literature review, a dataset for the meta-analysis that 
includes 23 studies that quantitatively estimate the impact of BRT on land and 
property values was created. To analyse the factors that could affect land value 
changes, four categories of factors related to the variation in the study settings, 
including BRT system factors; land type and accessibility factors; research 
method types; and spatial and temporal factors were identified. Finally, 79 
observations with 32 variables were included in a random-effects meta-
regression model. 
Two model specifications were tested: Model 1 includes all independent 
variables and Model 2 excludes insignificant variables. The main findings from 
the meta-regression modelling are: 
1) There might be a lag in capitalisation effects after the introduction of new 
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BRT system since significant LVU of 4.3% can be observed for highly 
mature BRT systems (at least three years old). 
2) There is a much stronger value-added effect on land than properties – 
34.7% and 27.5% for Models 1 and 2, respectively. 
3) All else being equal, if a study uses assessor price, the value-uplift is 17.9% 
lower than those using transaction price. However, if the reported value is 
asking price of land/property, there may be an overestimation of value uplift 
for about 8.2%. 
4) In general, land/property within 50m of a BRT station has a price premium 
of 9.4% (13.0% for Model 2), compared with those 1200m away.  
5) Studies using DID models report to have 6% to 10% higher impacts than the 
studies using repeat sales models – with the variation dependent on the 
approach used to select control areas. Further, a distance-based control 
area selection method has a 3.4% higher estimate than those using PSM 
method.  
6) Regionally, BRT systems in Australia have a 10.4% (Model 1) or 6.4% 
(Model 2) lower effect on value changes than those in North America. 
Another highlight of this study is that, by making use of the quantifiability 
advantages of meta-analysis technology, the above results were compared. 
with previous findings from a meta-analysis study on rail-based transits. The 
main variations between LVU from BRT and rail transit investments are: 
1) The type of rail service (heavy rail, commuter rail and light rail) was found to 
influence land and property values. However, no statistically significant 
value change is identified for different type of BRT system.  
2) There is typically a lag in capitalisation impacts for newly opened BRT 
systems, while rail impact can occur when the project is announced, and it 
is often higher compared with actual realised benefit after the system 
stabilises. 
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3) Both BRT and rail systems show a lower value uplift for property than 
undeveloped land. 
4) Reported value type doesn’t affect estimates for rail systems, but it does for 
BRT systems. 
5) The location of the land or property in either the CBD or suburbs did not 
affect reported value changes for either BRT or rail.   
6) Generally, for BRT systems, land/property within 50m of a station is 
reported to have a significantly higher value, while for rail systems, 
land/property presenting significant value appreciation effects is located 
further from the station – between 505m and 805m.  
7) There is a stronger association between analytic methods and estimates of 
land value changes is for both BRT and rail.  
8) Rail systems in European and East Asian cities have significantly higher 
value-added effects, compared with North American cities. However, for 
BRT systems, significant variations can be only found for BRT systems in 
Australia, which exert lower impacts on value changes than those in North 
America. 
The findings from this review and analysis suggest some 
recommendations for future studies on this topic. First, several knowledge gaps 
have been identified in the existing literature. There is a lack of evidence from 
European BRT systems and few studies have examined how BRT impact land 
and property values over time (for example, from announcement of the project 
to starting construction, to beginning operations and subsequent BRT). Second, 
several study setting factors were found to impact on estimation results. More 
attentions should be paid to these factors to understand potential bias.  
In our meta-regression model, no clear relationship was identified 
between some independent variables and reported value changes. Further 
research is still needed to better understand how those variables would 
influence the impacts from BRT system to land and property values. For 
example, BRT’s operation mechanisms (that is, open BRT or closed BRT) may 
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show differential impacts on value uplift because an open BRT system reduces 
the need to transfer for passengers from feeder lines. The capitalisation effects 
of an open-system BRT on value uplift might extend to its feeder lines, which 
are distant to the BRT corridor.  
The variable ‘D_Open’ is not significant in our model results because 
empirical studies have focused on the BRT corridor only and so the study area 
of our analysis is that within 1200m of BRT stations. It is worth investigating if 
these network effects from open system are reflected in prices for land and 
property located around BRT stations as well as feeder bus stations. In addition, 
the results suggest there is no significant differences between residential and 
non-residential land and property. However, this might be due to the fact there 
are too few studies on non-residential uses to generate statistically different 
results. It is worth conducting further analysis for non-residential land and 
property. 
The findings of this study are also useful for urban planners, policy 
analysts and decision makers tasked with managing, designing and developing 
future BRT systems. The meta-analysis results can help to better understand 
BRT system accessibility benefits, particularly in cases where no empirical 
evidence is available. First, our analysis found there is typically a lag in 
capitalisation effects for newly opened BRT systems, while the impacts of rail 
systems can occur at the time of project announcement. This information is 
important to inform the timing of LVC implementation in order to avoid missing 
potential uplift contributions. Second, both BRT and rail systems show a lower 
value uplift for property than undeveloped land. This theoretically implies 
transport investment in the area, with more unimproved land, can be an 
effective way to create higher land value premiums that are capturable in LVC 
practice. Third, there is no significant relationship between the higher-level of 
BRT and the higher value-added impacts. Thus, in addition to adopting an 
appreciate design of BRT, urban planners and policy makers should consider 
other additional factors to increase the LVU effects; for example, land use 
policies that incentivise transit-oriented land-use change and land development 
in the station locations and the region served by BRT. 
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Chapter 5 Study 2: An exploratory analysis of Bus 
Rapid Transit’s impact on property values: a case 
study of Brisbane’s South East Busway 
Chapter 5 has been published as conference proceeding in State of Australian Cities 
National Conference, 2015, Gold Coast, Queensland, Australia. As such, the related 
information presented in the previous chapters may be repeated in the introduction 
and literature review parts of this chapter to retain the structure and argument of the 
original peer-reviewed journal article. However, the article sections have been 
slightly re-configured to conform with a thesis structure. 
5.1 Abstract 
Drawing on the SEB in Brisbane, Queensland, a full-featured BRT network in 
Australia, as a case study, this study explores the impact of BRT on residential 
property values and how this varies spatially. Using HPM, this study detected a 
negative impact of proximity to SEB stations on housing price within a 2.4-kilometre 
buffer of SEB corridor. On average, housing price decreases by AUD$1,133 with 
every 100m increase closer to a station. Consequently, properties located within 
1200m radius of SEB stations could get up to AUD$30,180 lower in price compared 
with other properties.  
Furthermore, a SRM was used to assess the combined effects of improved 
accessibility to SEB stations and proximity-related effects to the SEB corridor on 
property values. The model results reveal a more complex picture describing the 
spatial change of the impact of SEB on housing prices: a positive effect of access to 
SEB stations, but a more substantial negative effect of immediate proximity to SEB 
corridor. The strong association between the distance to the SEB corridor and 
housing prices may suggest the proximity-related negative externalities of BRT, 
perceived as a main disadvantage of tyre-based transit. It is argued that location 
characteristics of SEB, as well as adjacency to a highway, might have contributed to 
the negative proximity effects and limit its ability to uplift property values. 
Key words 
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Bus Rapid Transit, value uplift, Hedonic Price Model, Segmented Regression Model 
5.2 Introduction 
Over the past two decades, BRT has gained increasing popularity around the world 
due to the high-quality services it provides together with the flexibility and lower cost 
compared with other transport modes. As such, investment in BRT has been surging 
world-wide: over 50 BRT systems have been constructed and are in operation in 
both developing and developed countries since 2000 (Deng & Nelson, 2011).  
In Australia, BRT has also been introduced and quickly expanded in major 
metropolises. Brisbane, the third largest city in Australia, has been developing a 
world-class BRT network since 2000, with several expansions still under planning 
and construction. Three dedicated busways were constructed, and one of them, the 
SEB, has been in operation for nearly 15 years.  
There has been increasing interest in evaluating BRT performance (Jordan et 
al., 2009; Hidalgo & Carrigan, 2010; Hollenhorst, 2012; Hidalgo et al., 2013). It is 
commonly acknowledged that BRT is a cost-effective mass transit mode to improve 
urban mobility and reduce road congestions and carbon emissions (Weinstock et al., 
2011). However, the construction and operation of BRT has also resulted in mixed 
effects on the property values, especially for those residing along the BRT lines and 
catchments. On the one hand, good access to public transport is one of the key 
factors of people’s relocation choices for both residential and commercial purposes. 
According to land rent theory (Alonso, 1964; Muth,1969), all else being equal, people 
are willing to pay more for locations with better transit offerings. Therefore, good 
access to public transport is expected to exert positive effect on land value 
appreciation within the catchment, especially in congested and land-constrained 
cities where public transport plays a major role in determining accessibility change 
(Deng & Nelson, 2012). 
On the other hand, the literature also reports mixed impact of BRT on land and 
property values. For instance, TransMilenio, a full-featured BRT system implemented 
in Bogotá, in 2000 has gained the most attentions from scholars and been praised 
internationally for its good performance and less expenditure in operation. While 
there are some evidences of land value appreciation conferred by TransMilenio 
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(Rodríguez & Targa, 2004; Munoz-Raskin, 2006; Mendieta & Perdomo 2007; 
Munoz-Raskin, 2010), the literature also reports negative impact in certain contexts. 
Munoz-Raskin (2006) found that high-value properties were valued higher if they 
were close to a feeder line, but in the case of truck lines, the effect was the opposite.  
Munoz-Raskin (2010) also shows that closer locations to TransMilenio yields 
positive effects on properties owned by middle-income households, while for low-
income households, the impact was negative. Cervero (2002) also reports mixed 
effects of the dedicated-lane BRT in Los Angeles on property values, where only 
slight negative impact on residential property values but small gains on commercial 
land parcels were observed. In the case of Pittsburgh, Pennsylvania, Perk (2010) 
reports that the value of single-family properties decreases as the distance from a 
BRT station increases.  
The literature also shows mixed effects of BRT on property value in the densely 
populated cities in Asian. Cervero & Kang (2011) report that in Seoul, BRT 
improvements prompted property owners to convert single-family residences to 
higher density apartments and condominiums; they also reported that land price for 
residential areas within 300m of BRT stops was higher. For retail and other non-
residential land uses, such impact was constrained in a smaller catchment within 
150m of the BRT stops. In Guangzhou, the BRT system has resulted in an increase 
of real estate price by 30 % during the first two years of its operation (Suzuki et al., 
2013). However, no appreciable capitalisation benefits were identified in Beijing’s 
South Axis BRT system (Zhang & Wang, 2013).  
In Australia, a report by Transit Cooperative Research Program, shows that 
property values near Brisbane’s SEB grew 20% faster than those in the surrounding 
area due to the improved accessibility (Levinson et al., 2003). However, Mulley and 
Tsai (2013) show that property values within 100m of BRT stations in Sydney grew 
slower than those located between 1200m to 1600m, due to increased noise and air 
pollution induced by the BRT, and no statistically significant evidence was identified 
to indicate property value uplift due to BRT implementation. Evidently, there is a 
need to obtain comprehensive understanding of the impact of BRT on property 
values (Stokenberga, 2014), especially in the Australian context, where commuters 
are generally less dependent on public transport.  
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Drawing on the SEB in Queensland as a case study, this study aims to draw 
empirical evidence on the impact of BRT on property values, focusing on the 
following two research questions:  
1) How does the improved accessibility by SEB impact on residential property 
values?  
2) How does the impact by SEB on property values vary spatially? 
The next section presents the study area and data used in this research. This is 
followed by three models developed to address the research questions. The results 
are then provided, followed by a discussion of key findings as well as possible 
extensions for future research. This chapter is ended with a brief conclusion, 
identifying limitations and significance of this study. 
5.3 Study area and data 
5.3.1 The study area 
Brisbane is the capital city of Queensland and the third largest city in Australia with 
2.3 million inhabitants in 2012 (Australian Bureau of Statistics, 2013). It is one of the 
major business hubs and fastest growing regions in Australia, averaging at 4.7 % 
economic growth between 2001 and 2012 (Queensland Treasury and Trade, 2013). 
To meet the rapid urban development, Brisbane developed an extensive 
transportation network within the city, which incorporates rail, bus and ferry.  
A BRT system in Brisbane was first put on the transport policy agenda in 1994 
(Tanko & Burke, 2013). Within six years of design and development, the first BRT 
line (the SEB) started operating and has been expanding to around 30km of busway 
network. It radiates from the CBD and comprises the SEB, NB and Eastern Busway 
(EB), with several extensions still under planning or constructing (see Figure 5-1). It 
should be noted that Brisbane’s Busway is an open system that provides single seat 
access to the wider catchment area beyond that of the immediate BRT corridor by 
vehicles which then travel on the Busway. 
The SEB is a 16.5km dedicated bus corridor serving the central CBD from 
south-eastern low-density communities since 2000, with a part of the route running in 
parallel to the M3 Motorway (see Figure 5-1). A journey from Eight Miles Plains to 
 71 
the CBD takes about 18 minutes, while it can take up to 60 minutes to drive on the 
non-BRT road (Deutscher & Pasieczny, 2003).  
We define a 2.4km buffer within the south section of the SEB from Greenslopes 
to Eight Mile Plains as the case study area (see Figure 5-1). This is based on our 
assumption that beyond this catchment buffer, the impact of SEB on property values 
is limited (which is out of the scope of this exploratory study). The north section from 
the CBD to Greenslopes was excluded due to the complex effect of the CBD and the 
Brisbane River on the property market. Part of the sample data in the north section 
of the SEB was also excluded to reduce the potential compounding effect of the EB 
and its bus stations (Figure 5-1).  
Figure 5-1 also displays the residential property sales data we used as sample data, 
which are discussed in the next section. 
 
Figure 5-1 The BRT, bus stations and residential property sales data within the study 
area 
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5.3.2 Data 
Data used in this study includes all residential property sales within the study area in 
2013, extracted from the Australian Urban Research Infrastructure Network (AURIN) 
database. This accounts for 1,313 property sales and includes data such as the sale 
price, date, address, property type (house or townhouse), area size, number of 
bedrooms, bathrooms, parking spaces, and so on. The data were geocoded by 
matching the address attributes with the Geocoded National Address File (G-NAF, 
2014), an authoritative address index for Australia, containing the geographic 
coordinates and address information (state, suburb, street and number in Australia). 
Other spatial data, including the location of Brisbane CBD and Brisbane River, local 
schools, and the local transportation network, were also processed and mapped. 
Accessibility to BRT services was defined as the network distance to the 
nearest SEB station. It was calculated in ArcGIS using the network analysis tool. 
Other locational characteristics of the properties, such as the distance from the 
property to SEB corridor (Euclidian distance from point to line), distance to the CBD 
(Euclidian distance from point to polygon) and network distance to the nearest 
school were also computed in GIS.  
To control for neighbourhood characteristic of the properties, this study used 
the 2011 Index of Relative Socio-economic Advantage and Disadvantage at suburb 
level, a type of the Socio-Economic Indexes for Areas (SEIFA). SEIFA is a summary 
index calculated and released by Australian Bureau of Statistics (ABS), which 
measures the relative social and economic conditions, such as income, educational 
attainment, the unemployment and so on of cities, towns and suburbs across 
Australia (SEIFA, 2011).  
Table 5-1 describes each of the variables used in the three models (termed 
HPM1, HPM2 and SRM), and which are described in the next section.  
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Table 5-1 A descriptive of variables used in this study and their summary 
statistics (N=1313) 
Variable Description Mean Std. Deviation 
Dependent variable    
PRICE House sales prices (AU$) 600682.899 282295.296 
Independent variables used in all three models   
Month The month of sale (2013) 6.748 3.309 
prtype 
Property type, which 1=house; 
0=townhouse 
0.924 0.265 
Area_Size Area in the property (m2) 672.277 876.465 
N_Bedroom Number of bedrooms 3.51 0.978 
N_Bathroom Number of bathrooms 1.77 0.85 
N_Parking Number of parking spaces 1.85 0.974 
So_Eco_Status 
2011 SEIFA Index of Relative Socio-
economic Advantage and 
Disadvantage at suburb level 
1048.743 24.847 
Dis_CBD 
Straight-line distance to CBD district 
(m) 
8447.478 3193.521 
Dis_School Network distance to nearest school (m) 716.34 361.407 
Independent variable used in the first HPM   
Dis_Station 
Network distance to the nearest SEB 
station (m) 
2058.978 824.654 
Independent variable used in the second HPM   
Access_1200m 
A categorical variable which equals to 
1 if Dis_Station <= 1200m, otherwise it 
is 0 
0.167 0.0103 
Independent variables used in the third model 
Dis_Busway 
(DB) 
Straight distance to the SEB line (m) 1268.285 675.987 
DUM1 
A categorical variable which equals to 
1 if DB >= 600, otherwise it is 0 
0.79 0.409 
DUM2 
A categorical variable which equals to 
1 if DB >= 1600, otherwise it is 0 
0.35 0.476 
Dis_ Busway 
_600m 
 = DUM1*(DB- 600) 726.17 596.233 
Dis_ Busway 
_1600m 
 = DUM1*(DB - 1600) 148.737 244.379 
Access_1400m 
A categorical variable which equals to 
1 if Dis_Station <= 1400, otherwise it is 
0 
0.25 0.431 
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5.4 Methodology 
HPM is a commonly used methodology in real estate appraisal, in which the value of 
a property is determined by the characteristics of the house itself, the locational 
characteristics, as well as the characteristics of the surrounding neighbourhood 
(Rosen, 1974). Through regression modelling, the hedonic pricing model can be 
used to estimate the extent to which each of the factors affects the property values.  
This study developed two hedonic price models to address the first research 
questions on whether the improved accessibility due to SEB has resulted in higher 
property values within the SEB catchment. This study also developed a segmented 
regression model (SRM) to address the second research questions on the spatial 
diversity of the mixed effects of SEB on property values due to both accessibility and 
environmental affluence. All models were estimated by means of ordinary least 
squares (OLS) regression (termed HPM1 and HPM2, respectively). 
5.4.1 Hedonic price model  
Two HPMs were developed to evaluate the value of accessibility to the SEB station, 
using property sales data as dependent variable and factors that may affect housing 
price, including property characteristics (such as, area size, property type, number of 
bedrooms, number of bathrooms and number of parking spaces), neighbourhood 
socio-economic status, locational amenities and time of sale as the independent 
variables.  
The difference between the two models, termed HPM1 and HPM2, sits on the 
accessibility measurement used in each model, with HPM1 using the network 
distance from each property to the nearest SEB stations measured in GIS as a 
continuous variable, and HPM2 using a categorical variable to quantify the 
accessibility from a property to the BRT stations, with 1 representing a property 
within 1200m service area from the SEB stations, and 0 otherwise. The estimated 
coefficient of the categorical variable shows the average premium or discount in 
values of properties within SEB service area compared with the properties beyond it, 
caeteris paribus. 
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All the independent variables were introduced in regression models using their 
raw data unit. Thus, it can be directly interpreted as the premium or discount of 
affording a house that is marginally improvement in terms of the accessibility. The 
two HPMs are estimated in linear form as:  
Pi = c+βsij*Sij+ βlij*Lij+ βnij*Nij+ βmi*Mi+ Ƹi                              (5-1) 
Where  
Pi = the sale price of property i 
c = intercept constant term 
β= the estimated implicit empirical marginal price for the corresponding 
property attribute 
Sij = the jth attribute of the structure characteristics of the ith property, including 
number of bedrooms, number of bathrooms, number of parking spaces, and the 
property area size 
Lij = the jth attribute of the locational characteristics of the ith property, including 
distance to CBD, distance to school and accessibility to the nearest BRT station 
(either as a continuous variable as in HPM1, or as a categorical variable as in 
HPM2) 
Nij = the jth attribute of neighbourhood characteristics of the ith property, 
represented by the SEIFA Index of Relative Socio-economic Advantage and 
Disadvantage.  
Mi = a numeric variable which controls the time of sale for the ith property 
(Month of the year 2013) 
Ƹi = a random error for the ith property 
All the regression coefficients of the independent variables are of interest, 
which indicates the extent of impact of each factor to the property value. In particular, 
the coefficient of the accessibility to the nearest BRT station measures the attribution 
of BRT offers to the whole house sale value.  
5.4.2 Segmented regression model 
In order to address the second research question, an SRM was developed to 
examine the spatial variation of the BRT’s impact on the property values. This study 
uses distance to BRT corridor as a reference for spatial-partitioning. Two breakpoints 
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(600m and 1600m) were set to divide the distance to the BRT corridor into three 
segments, after a number of trial-and-error tests, namely:  
• Within 600m from the SEB corridor; 
• Between 600 and 1600m from the SEB corridor; and 
• Beyond 1600m from the SEB corridor 
In terms of BRT accessibility, many previous studies that assume that 800m (or one-
half mile) is a walkable catchment area for public transport (Guerra et al., 2013). In 
this study, the catchment area is defined as 1400m network distance from a Busway 
station. There are two main reasons for considering a wider catchment area of 
Busway stations in Brisbane. First, the Park-and-Ride services available in SEB 
stations might significantly contribute to a widen catchment area of SEB. Second, 
Brisbane Busway is an open-system BRT with convenient feeder line service. The 
open-system BRT can attract passengers that are further way from BRT corridor as 
they can access Busway station and Busway service from feeder stops directly 
without transferring. The segmented linear regression model was then devised to 
examine whether there are differences on the impact of BRT to house prices over 
varying ranges of distance to the BRT corridor. The segmented linear regression 
model is shown as: 
Pi=c+β1ij*Sij+ β2ij*Lij+ β3ij*Nij+ β4i*Mi+ β5i*DBi+ β6i*(DBi- 600) *Dum1+ β7i*(DBi-1600) 
*Dum2+β8iAccess_1400m i+Ƹi                          (5-2) 
Where  
DBi= the distance from the ith property to the BRT corridor 
Dum1=1 if DBi>= 600; 0 otherwise 
Dum2=1 if DBi>= 1600; 0 otherwise 
Access_1400mi=1 if the distance from the ith property to the nearest BRT 
station is less than 1400-metre; 0 otherwise. 
Lij = the jth attribute of other characteristics of location for ith property, including 
distance to school and distance to CBD. 
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Pi, C, Sij, Nij, Mi and Ƹi perform as the same function as in Eq (5-1).    
Once Dum1 and Dum2 are defined by the value range of DBi, then Eq (5-2) can 
be rewritten in its segmented form as: 
                    Pi=c+β1ij*Sij+ β2ij*Lij+ β3ij*Nij+ β4i*Mi+ β5i*DBi                 DBi<=600 
                         + β6i Access_1400m i+Ƹi                                                          
                               
          Pi= c+β1ij*Sij+ β2ij*Lij+ β3ij*Nij+ β4i*Mi+ β5i*DBi              600<DBi<=1600     
     Pi=       + β6i*(DBi- 600) +β7i Access_1400m i+Ƹi                                
                                                                                                             (5-3)                    
                    Pi= c+β1ij*Sij+ β2ij*Lij+ β3ij*Nij+ β4i*Mi+ β5i*DBi             DBi>1600 
                           +β6i*(DBi- 600) +β7i*(DBi- 1600)                                
                          +β8i Access_1400m i+Ƹi                                                         
The coefficients of DBi indicate the various impact of proximity to BRT corridor 
for three cases above. Therefore, variation between the impacts can be examined by 
comparing these coefficients if they are significant at a high confidence level. As 
such, this model is effective to test statistically if the distance to BRT corridor shows 
different relationships, with house prices between three properties groups with 
different range of distance to BRT corridor. The coefficient of Access_1400mi (β8i) 
tests if there is a difference between properties within the BRT station 1400-metre 
service catchment and those outside; that is, the impact of accessibility to BRT 
system holding all else constant. Figure 5-2 shows the spatial partitioning of study 
area and corresponding value of variables DB and Access_1400m for a property 
sales sample in study area. 
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Figure 5-2 Spatial partitioning of the study area 
5.5 Results 
5.5.1 Results of Hedonic price models 
Estimation results from HPM and MRM are presented in table 5-2.  
Table 5-2 Estimation results of Hedonic Price Models (HPM1 and HPM2) 
HPM1 
dependent variable: PRICE(AU$) 
HPM2 
dependent variable: PRICE(AU$) 
 
Coefficien
ts 
SE t Statistic VIF Coefficients SE t Statistic VIF 
Intercept 
-
437621.
829 
208014.6
41 
-2.104**  
-
382041.071 
196807.150 -1.941*  
Month 
5980.69
0 
1339.508 4.465*** 1.01 6001.480 1338.439 4.484*** 1.01 
So_Eco_Stat
us 
472.441 194.853 2.425** 1.20 449.990 188.340 2.389** 1.12 
Dis_School 
(m) 
-51.768 12.968 -3.992*** 1.12 -54.329 13.023 -4.172*** 1.14 
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HPM1 
dependent variable: PRICE(AU$) 
HPM2 
dependent variable: PRICE(AU$) 
N_Bedroom 
31968.2
22 
6410.603 4.987*** 2.01 32427.440 6409.740 5.059*** 2.01 
N_Bathroom 
120865.
981 
7425.902 16.276*** 2.04 120775.428 7419.451 16.278*** 2.04 
N_Parking 
27627.0
62 
4978.793 5.549*** 1.21 27764.590 4972.326 5.584*** 1.20 
Area_Size 
(m2) 
194.746 5.113 38.090*** 1.03 194.582 5.109 38.085*** 1.03 
Prtype 
(1=house;0=t
ownhouse) 
126250.
614 
17635.87
3 
7.159*** 1.12 121282.683 17683.800 6.858*** 1.13 
Dis_CBD (m) -12.880 1.635 -7.879*** 1.40 -12.759 1.604 -7.954*** 1.35 
Dis_Station 
(m) 
11.334 6.024 1.881* 1.26 - - -  
Access_1200
m 
- - -  -30179.523 12580.201 -2.399** 1.13 
Adj. R- 
Square 
  0.6785    0.6791  
Prob.>F-
statistics 
  0.000    0.000  
Observations   1313    1313  
***p-value<0.01, **p-value<0.05, *p-value<0.10. - Not applicable. 
 
Most of the independent variables in HPM1 and HPM2 are significant at the 
0.05 level, with a few significant at the 0.1 level. The VIF value for each independent 
variable in HPM1 and HPM 2 ranges from 1.01 to 2.04, suggesting there is no 
significant multi-linearity problem between independent variables. The adjusted R-
squared measure indicates that 67.85% of the variation in property sales prices is 
explained by the independent variables in HPM and 67.91% for HPM2. This is 
acceptable since it was not possible to take all factors affecting home values into the 
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models. However, the statistically significant variables can still be used to identify 
their influence on houses prices.  
The estimation results of controlling variables (see Table 5-2) in HRM1 and 
HPM2 present minor variation in both coefficients and significant level. Thus, only 
the results of these variables in HPM2 were used to conduct analysis and 
interpretation given the better fitting model. Two location specific characteristics of 
property/land (distance to the CBD and distance to the nearest school) show positive 
effects, adding value premiums of AU$ 1,276 and AU$ 5,433 for every 100m closer 
to the CBD and nearest school, respectively. The estimated result of variable Month 
shows a reasonable upward trend in house price changes over time, an approximate 
growth of AU$ 6,001 per month over the year 2013. Properties value are higher if 
located in higher SEIFA scored suburbs; for example, an increase of 1 point in 
SEIFA score results in an increase of property value of AU$ 450.  
However, the variation of premium value might be minor as suburbs 
surrounding SEB show limited variation in socio-economic status (Mean of SEIFA 
score for these suburbs is 1049, while the standard deviation is only 25). The 
property structural attribution plays an important role on the house price. Houses are 
much more expensive than townhouses, showing a premium value of AU$ 121,283, 
all else being equal. For every square metre of area, house prices increase by 
AU$195 on average. It was found that the value of an additional bathroom 
(AU$120,775) is over three times a bedroom (AU$32,427) and four times a parking 
space (AU$27,765). This is mainly due to the fact that the number of bathrooms 
dictates the number of people who can occupy the property comfortably. House 
owners benefit more if their property can provide more accommodation. 
The estimation and interpretation of the coefficients for BRT accessibility is of 
key interest in this study as they measure the attribution of improved accessibility to 
the whole house sale value. In HPM1, the coefficient of continuous variable 
Dis_Station showed that the relationship between the distance to the nearest BRT 
station and houses sales price is positive and growing as the distance from a station 
increases. On average, every 100m closer to a station decreases house prices by 
AU$1,133. Thus, using the method of HPM1, it is suggested that the improved 
accessibility due to SEB did not result in higher property values. The result from 
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HPM2 reconfirms this finding. The coefficient of dummy variable Access_1200, is 
significant at a 95% confidence level with a negative sign, demonstrating that houses 
within 1200m catchment of SEB stations, on average, show value discounts of about 
AU$30,180, compared with those beyond.  
5.5.2 Results of segmented regression model 
Table 5-3 shows the estimation results of the SRM, which was used to further 
examine the spatial variation of the BRT’s impact on the property values. In this 
study, the distance to BRT corridor was used as a reference for spatial-partitioning, 
which is an important procedure in analysing the spatial variation of BRT impact on 
property values. For properties proximate to BRT corridor, the distance to BRT 
corridor also represents the possibility of negative effect of dis-amenities such as 
noise, air pollution and vibration. The BRT catchment area is defined as 1400m 
network distance from a Busway station.   
Table 5-3 Estimation results of segmented regression model (SRM) (dependent 
variable: PRICE) 
  Coefficients SE t Statistic 
Intercept -413824.197 206629.556 -2.003** 
Month 6239.812 1336.415 4.669*** 
So_Eco_Status 379.115 195.294 1.941* 
Dis_School (m) -37.452 13.400 -2.795*** 
N_Bedroom 32053.617 6382.637 5.022*** 
N_Bathroom 120205.975 7395.239 16.255*** 
N_Parking 27963.786 4962.092 5.635*** 
Area_Size (m2) 194.977 5.092 38.295*** 
Prtype (1=House; 
0=Townhouse) 
114218.496 17749.170 6.435*** 
Dis_CBD (m) -12.792 1.651 -7.749*** 
Dis_Busway (m) 144.374 45.321 3.186*** 
Dis_Busway _600m 
(m) 
-115.018 56.133 -2.049** 
Dis_Busway _1600m 
(m) 
-69.326 39.940 -1.736* 
Access_1400m 26746.923 15665.614 1.707* 
Adj. R- Square   0.6847 
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  Coefficients SE t Statistic 
Prob.>F-statistics   0.000 
Observations    1313 
***p-value<0.01, **p-value<0.05, *p-value<0.10.  
The adjusted R Square statistic is increased to 68.47%, indicating a better 
goodness-of-fit than HPMs. Since estimation of other controlling variables in 
segmented regression model shows few variations with HPMs, no more 
interpretation was conducted in this regard. According to Eq (5-3), the coefficients of 
variable DB were calculated for each sub-equation, namely: 144.374, when 
DB<=600; 29.356(144.374-115.018), when 600<DB<=1600; -39.970 (144.374-
115.018-69.326), when DB<=1600. All of them are significant at a high confidence 
level with only the last one has a relatively lower confidence level (92%).  
The results of SRM showed that impacts of SEB on house price demonstrates 
uneven spatial results. Figure 5-3 graphs the property sales price from the estimates. 
The values represent a residential property with all other controlling variables set to 
its median values, while changing the distance to the SEB corridor (DB) and the 
accessibility to SEB stations (Access_1400m). 
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Figure 5-3 Network effects: estimated relationship between the distance to SEB 
corridor and housing prices 
The estimated coefficient for the variable of BRT station accessibility 
(Access_1400m) is at a significant level of 0.1.  This reveal, on average, BRT station 
accessibility placed a premium of AU$ 426,747 on property values within the study 
area. This premium value was only likely enjoyed by houses within 1400m network 
distance to a SEB station (shown by the green dashed line in Figure 5-3). However, 
as suggested by the sample data, properties beyond 1043m to the SEB corridor 
were not within SEB station catchment area. The average housing price was 
calculated and plotted using the black dashed line.  
The yellow solid line in Figure 5-3 is a good indicator of the relationship 
between distance to SEB corridor and housing. It shows that for houses within 
1600m buffer of SEB corridor, the further the distance to the SEB, the higher the 
dwelling price. All else being equal, for properties within a 600m buffer of the SEB 
corridor, every metre moving towards the SEB decreases the house price by 
AU$ 144. When distance to SEB ranges from 600m to 1600m, the discount of house 
price is only AU$29 for one metre closer.  
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When the distance from property to SEB is beyond 1600m but less than 2400m, 
the relationship with housing prices decrease as the distance from SEB increases. 
Housing price increase AU$40 for one metre closer to SEB. This result is 
diametrically opposed to the two cases above. Hence, it was clear that value of 
residential property reaches the peak when the distance to SEB corridor is around 
1600m, whereas beyond this point, housing prices appear to fall. 
It can be seen from Figure 5-3 that, taking both the distance to SEB corridor 
and SEB station accessibility into account, the houses with the greatest price 
premium were those located within 500 to 1000m buffer of SEB corridor with BRT 
station accessibility.  
5.6 Discussion 
Both of the results from HPM1 and HPM2 indicate the BRT’s ‘capitalisation benefits’ 
(as noted in the literature) were not detected in the case of SEB. However, this is not 
the only case that reveals that BRT has no value-added effects on surrounding 
residential housing prices. Cervero and Duncan (2002) found that residential 
properties near BRT stops generally sold for less, in the case of Los Angeles County. 
Cervero and Duncan (2002) also found that many transit-stops in this County were 
located within redevelopment districts; however, this is not the case in Brisbane.  
A number of factors could be responsible for the findings in Brisbane. First, 
unlike other cities in developing countries, the overall bus mode share in Australia’s 
major cities is low and only equates with about 5% of all trips; while the mode share 
of the private car is around 86% (Cosgrove, 2011). Thus, public transport proximity 
may not be as competitive a characteristic in Brisbane’s real estate market.  
Second, tyre-based transit service is usually associated with an undesirable 
perception of noise and pollution (Hecker, 2003). The situation tends to be worse as 
SEB was constructed adjacent to a Motorway (M3). This may further reduce the 
desirability to reside adjacent to it since the freeway corridor considerably reduced 
the walking catchment and acts to dilute the quality of the station environments 
(Currie, 2006). It is possible that the traffic on highway is more responsible than SEB 
for the undesirable surrounding environment, due to the higher traffic volume; 
however, in this study we failed to isolate the negative effects of SEB on land value. 
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Nonetheless, one lesson to learn from the case of SEB is the importance of effective 
linking of the BRT station design into adjacent urban development (Currie, 2006), as 
demonstrated by the BRT system in Guangzhou. There, the well-designed 
combination of high-quality BRT services and pedestrian connections to stations has 
attracted high-rise commercial development toward to the BRT corridor, which 
significantly contributed to the LVU of 30 % during the first two years of BRT 
operations (Suzuki et al., 2013).  
However, attention should be paid to the method used when attempting to 
understand the transit impact on property values. There is evidence in the literature 
that the results of LVU from transit investments are sensitive to the research 
methods used (Debrezion et al., 2007, Mohammad et al., 2013). While HPM1 and 
HPM2 can be used to evaluate the impact of improved accessibility on property 
values, these models were limited in considering other factors, such as the impact of 
increased noise level and pollution on the value of properties in the nearby precinct. 
More importantly, the results from HPMs might be biased as they ignored spatial 
effects of housing markets (such as spatial heterogeneity and spatial dependency).  
The SRM revealed a more complex picture describing the spatial change of housing 
prices, in relation to the distance to SEB corridor and SEB station accessibility. It 
found that for houses within 1600m buffer of SEB corridor, the further the distance to 
the SEB, the higher the dwelling price. When the distance from property to SEB is 
beyond 1600m, but less than 2400m, the relationship with housing prices decreases 
as the distance from SEB increases. After controlling for the distance to SEB corridor, 
the results of SRM suggested, on average, SEB station accessibility placed a 
premium of AU$ 426,747 on property values within the study area. By taking both the 
distance to SEB corridor and SEB station accessibility into account, the results of 
SRM showed that the houses with the greatest price premium were those located 
within 500 to 1000m buffer of SEB corridor with BRT station accessibility.  
This result suggests SEB has a wider service area than other BRT system and 
the area with the greatest price premium was at some distance to SEB. Such results 
concur with the finding of another Brisbane-based study on changes of travel 
patterns. Sui et al. (2013) detected bus shares increase at some distance to 
Brisbane’s BRT stations over the decade of operation. The convenient Park-and-
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Ride services at SEB stations might attract passengers beyond the walkable 
distance. More importantly, the open-system operation mechanism of BRT system in 
Brisbane might significantly contribute to a wider catchment area of SEB station and 
the wider influence area of SEB on housing price as well. This finding also proposes 
new and ongoing extended research on capitalisation effects of open-system BRT, 
with respect to the feeder line networks. 
5.7 Conclusion 
Chapter 5 presents an exploratory study of the impacts of the SEB on residential 
property values in Brisbane. Classic Hedonic Price models used in this study 
indicate a negative impact of SEB on housing prices if they are close to SEB stations. 
To further explore this issue, a segmented regression model was constructed to 
evaluate the spatial change of the impact of SEB on housing prices. It found, by 
taking both the distance to SEB corridor and SEB station accessibility into account, 
the results of SRM showed that the houses with the greatest price premium were 
those located within 500 to 1000m buffer of SEB corridor with BRT station 
accessibility. 
In this case, the strong association between the distance to the SEB corridor and 
housing prices seems to suggest the proximity-related negative externalities of BRT, 
perceived as a main disadvantage of tyre-based transit. However, it is worth noting 
that the location characteristics of SEB, adjacent to a highway, might significantly 
increase the strong negative proximity-effects and limit its ability to uplift land values. 
The finding of this study suggests SEB has a wider service area than other BRT 
systems and the area with the greatest price premium was some distance from SEB. 
The convenient Park-and-Ride services at SEB stations might attract passengers 
beyond the walkable distance. However, it is worth investigating if the open-system 
operation mechanism of BRT system in Brisbane has contributed to a wider 
catchment area of SEB station and the wider influence area of SEB on housing price 
as well.  
Several limitations need to be noted in this study, such as data limitations and 
the inherent weakness of the research methods. One data limitation lies in the 
omitted factors that may impact housing prices. Another is the residential property 
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observations, since existing and relevant literature has shown a potential association 
between the property type and the appreciation effect of improved accessibility to 
public transport (Debrezion et al., 2007).With regard to the methodology, the 
ignorance of spatial autocorrelation may be introducing potential bias in this result. 
Finally, as an inherent weakness in other cross-sectional studies, the short time 
period of residential houses’ sale data used in this study does not provide a good 
basis for establishing causality. Other methods (for example, multi-level regression 
models or difference in difference models) could be implemented to see if they 
provide more robust results. 
While the results presented in this study are valid only for the SEB, they are still 
significant in developing a better understanding of the overall effects of BRT on land 
values. As further expansions of BRT networks are planned in Brisbane, and across 
Australia, the findings of this study have the potential to be used by other Australian 
cities and to help urban planners better plan for BRT development. 
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Chapter 6 Study 3: The impact of an open-system 
BRT network on property values: A Brisbane, 
Australia Case Study 
In this chapter, Section 6.1 comprises a preliminary study, “How does an open-
system BRT facilitate mobility? A visual analytic analysis of Brisbane, Australia”, to 
understand the open-system operation mechanism in terms of catchment areas and 
passenger volumes and in particularly, to examine the importance of feeder line 
service in the open-system BRT.  
Section 6.2 presents the investigation of the impact of open-system BRT 
network on property values in Brisbane. 
6.1 How does an open-system BRT facilitate mobility? A visual 
analytic analysis of Brisbane, Australia 
Section 6.1 has been submitted as a peer-reviewed journal article to Journal of Maps 
(submitted under the first round of review). The related information presented in 
previous chapters of this thesis may be repeated in the introduction and literature 
review parts of this chapter, to retain the structure and argument of the original peer-
reviewed journal article. However, the article sections have been slightly re-
configured to conform with a thesis structure. 
6.1.1 Abstract 
This study employs a visual analytic approach to show how an open-system BRT in 
Brisbane facilitates daily mobility using Brisbane’s public transport smartcard data. 
This study first visualised the trajectories of all the BRT passengers to provide an 
overview of catchment areas and passenger volumes. The Cesium framework 
(based on WebGL) is employed to produce 3D web maps of BRT passenger flows to 
and from Brisbane Central Business District (CBD). This visualisation shows that the 
direct feeder liner service plays an important role in Brisbane’s open-system BRT. To 
further analyse how and to what extent these direct feeder line services affected 
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BRT usage, this study also produced comparable maps assuming a closed-system 
BRT in Brisbane. The results are presented in the web with four 3Dmaps based on 
WebGL Virtual Globe for inbound and outbound flows of BRT passengers in open 
and closed-system BRT, respectively. The results demonstrate the coverage and 
volume of passengers is significantly reduced in the closed system scenario, 
especially for inbound routes. This is due to the fact that far fewer passengers in 
suburban areas have direct BRT services. This analysis is of interest to urban 
transportation agencies with BRT systems wanted to optimise system operations 
and provide better public transport services. Further, the implementation of Web-
based 3D visualisation described in this study has the potential for broader 
application in large geo-spatial data visualisation in other urban planning contexts. 
 
Key words 
Bus rapid transit, open-system BRT, Passenger flow, Web-based map, 3D 
visualisation 
 
6.1.2 Introduction 
Over the past several decades, bus rapid transit (BRT), which combines stations, 
vehicles and technology into a high-quality rail-like service, has become popular for 
improving urban mobility (Weinstock et al., 2011). The re-emergence of bus-based 
transportation arouses great interest from transport and urban planners as it 
provides flexible high-quality services at less cost than rail. With many successful 
systems worldwide, the investment in BRT has been surging. Over 50 new BRT 
systems have been built in both developing and developed countries since 2000 
(Deng & Nelson, 2011). 
One of the advantages of BRT is the flexibility of its corridors and stations. They 
can be designed to serve a given urban context and are much less expensive than 
rail-based alternatives. BRT can use buses operating in mixed traffic, dedicated 
lanes on surface street and on dedicated, grade separated Busways. In North 
America, most BRTs use separate or segregated lanes while in South America BRTs 
operate on median arterial lanes (Levinson et al., 2003). Research is being 
published on evaluating the system performance of different BRT types (Levinson et 
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al., 2003; Hensher & Golob, 2008; Hidalgo et al., 2010). It is suggested that 
exclusive separated BRTs have better overall system performance. Another aspect 
that improves performance is having dedicated stations that reduce boarding and 
alighting times (Darido & Cain, 2007). 
However, little research has been done on how the operational flexibility of 
BRTs affects system performance. BRT can be integrated with existing conventional 
bus services. It can be operated as either an open or closed system. Many of the 
first BRT systems (for example, TransMilenio in Bogotá) were designed as closed 
systems whereby BRT buses were not allowed to operate outside the BRT corridor 
and non-BRT buses could not access the BRT corridor. A closed-system BRT is 
typically viewed by users as a frequent and punctual rail-like service that eliminates 
most of the typical causes of delay found in conventional bus services. However, 
some relatively new BRT systems (for example, in Seoul, Korea; Guangzhou, China; 
and Brisbane, Australia) use an open-system approach. Open-system BRTs have 
flexible routes whereby buses can move in and out of the BRT corridor. Overall 
performance is diminished, as local traffic can impact on routes that only use the 
BRT corridor for part of their routes. Conversely, open system provides a direct 
benefit due to having a larger service area with more potential passengers who don’t 
have to transfer buses to get the benefits of the BRT. 
Thus, open compared with closed BRT system represents a trade-off between 
high efficiency and larger catchments. There is no doubt that the choice of network 
design may affect overall system performance, but empirical evidence is lacking in 
this field. With more and more cities considering BRT, investigating the performance 
of open and closed-system BRT is critically important for planners deciding which 
option to choose. Here, based on one-day’s smartcard data (March 12, 2013) for the 
Brisbane BRT, this research provides evidence of how an open-system BRT 
facilitates daily mobility using a visual analytic approach.  
Section 6.1.3 provides the case context of Brisbane BRT system before 
addressing the methodology adopted and the data used in this analysis. The results 
are then provided and interpreted. The concluding section (section 6.1.6) details the 
study’s significance and limitations of the results. Section 6.1 ends with a detailed 
description of software used for cartography in this study. 
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6.1.3 Case study area 
In the mid-1990s, inspired by the BRT in Ottawa, Canada, BRT was put on 
Brisbane’s transport policy agenda. Brisbane quickly designed and implemented its 
first BRT corridor, the SEB, opening in October 2000. In addition to with the 
patronage success of SEB, the system expanded rapidly. To date, the Brisbane BRT 
is a 30km radial network with most lines originating in the Brisbane's CBD. It 
comprises the SEB, Inner Northern Busway (INB), NB and EB with several 
extensions under consideration. Figure 6-1 shows the Brisbane Busway network. It 
consists of high capacity buses with distinct branding on prioritised routes, with 
stations having similar operating characteristics to light rail transit (Hoffman, 2008; 
Tanko & Burke, 2013). It has been praised as the most advanced examples of the 
Quickway model4 (together with TransMilenio in Bogotá) (Hoffman, 2008). 
                                                          
4 The essential focus of the Quickway model is that of creating a primarily grade-separated infrastructure which 
then permits the cost-effective operation of a range of transit services, many of which may not be identified during 
the infrastructure planning stage (Hoffman 2008). 
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Figure 6-1 The Brisbane Busway network 
A key difference between Brisbane’s BRT and the TransMilenio is how they 
each operate. TransMilenio is a closed system that provides high frequency services 
on the BRT corridor; Brisbane’s Busway is an open system that provides BRT 
access to a wider catchment area beyond that of the immediate BRT corridor. Most 
routes in the system travel in/out from the CBD to serve surrounding areas and use 
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the Busway for part of their journey. Brisbane uses a zonal fare system; thus, no 
extra fares are charged for Busway journeys.  
There are about 70 routes (each with two directions, inbound and outbound to 
the Brisbane CBD) operating on Brisbane’s Busway for part of their routes. In 2003, 
Brisbane City Council introduced a "BUZ" concept on the Busway network with high 
frequency routes (shown as green lines in Figure 6-1): 10-minute headways during 
peak hours and 15-minutes off-peak (Yen et al., 2015). The open system design has 
significantly increased system efficiency when compared with the original bus 
service network. In peak hour, more than 300 buses use the Busway. BITRE (2013) 
reported that the bus service achieved a higher level of patronage than the rail 
network in Brisbane, with the mode shares for bus and train of 54% and 44%, 
respectively. 
6.1.4 Data and Methods 
Based on Go card data for one day (March 12, 2013) this study visualised the 
trajectories of all of Brisbane’s BRT passengers to analyse how an open-system 
BRT affects daily mobility at the city scale. Mapping smartcard data has been used 
as an analytic approach in many transport studies (Pelletier et al., 2011). In this 
study we use a novel web 3D technique, the Cesium framework (based on WebGL) 
to visualise passenger flows. The results are provided as 3D maps of flows of BRT 
passengers to and from the Brisbane CBD based on WebGL Virtual Globe in the 
web. 
The visualisation allows us to examine passenger volumes at the route level 
and to see the extent of the Brisbane BRT catchment area. However, some 
questions about Brisbane BRT system remain at this stage. For example, the main 
difference between Brisbane’s open-system BRT and other closed-system BRT is 
direct feeder line services, which enable passengers outside the BRT corridor to 
access BRT routes without transferring. Therefore, how and to what extent do direct 
feeder line services impact on the use of BRT services? To answer this question, 
this study developed a scenario that assumes a closed-system BRT in Brisbane to 
see how the open and closed-system BRTs compare in terms of passenger volumes 
and catchment areas. 
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The methodology to produce web 3D maps of rider trajectories involves two 
steps:  
1) pre-processing smartcard data to create trip trajectories; and  
2) 3D web map development using Cesium framework (based on WebGL). 
Data pre-processing 
The smartcard data used in this study was provided by TransLink, the Queensland 
government agency responsible for public transport planning, scheduling and 
ticketing. In Brisbane, over 80% of public transport passengers use a smartcard, the 
‘Go card’5, to pay for their trips. This is a ‘touch-on’ and ‘touch off’ system that 
records data on each trip, including route, direction and boarding and alighting stops. 
We used Online Passenger Information Application (OPIA) API6 to retrieve rider 
trip trajectories. Getting the boarding and alighting stops in OPIA also provides the 
bus route(s) including spatial information for mapping. Based on Go card data for 
one day (March 12, 2013) 205,603 bus rider trip trajectories (polylines) were 
retrieved by direction (inbound and outbound from the Brisbane CBD), in which there 
were 107,592 BRT journeys that used the BRT corridor for all or part of their route. 
Due to the characteristics of an open-system BRT, 43% (46,264) of these journeys 
accessed the BRT from non-BRT bus stops (that is, local bus stop journeys). Further, 
92% (42,562) of local bus stop journeys are accessed the BRT corridor directly to 
final destinations without any transfers. It indicates that only 8% (3,702) of 
passengers would transfer before entering BRT corridor. Figure 6-2 shows the 
examples of flows of Brisbane BRT passengers. 
 
                                                          
5 The Go card is an electronic smartcard ticketing system developed by Cubic Corporation and currently used on 
the TransLink public transport network in South East Queensland. 
6 OPIA API is an open data provided by Translink (https://translink.com.au/about-translink/open-data). 
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Initially, the flow map of BRT passengers is a polyline heat-map that displays 
travel routes and volumes. Since passenger movements are directional, they are 
modelled by direction (inbound and outbound from Brisbane CBD). All polylines of 
BRT passenger trip trajectories are then split at vertices to produce the smallest line 
unit for passenger volume calculation. Overlapped lines that have the start and end 
vertex in common are dissolved into a single line with a statistic of the number of 
overlapped lines, which is the passenger volume for this line. 
To compare an open and closed-system BRT, a scenario was developed 
showing the flows of BRT passengers in a closed system. The scenario was based 
on the following assumptions. Only 8% of BRT passengers who access the BRT 
corridor from feeder lines have transferred at a BRT station. For the maps for the 
closed BRT scenario, passengers who used to ride feeder buses now cannot access 
the BRT corridor without transferring. Thus, this 8% transfer rate is assumed to be 
the willingness to transfer in the closed BRT scenario. Therefore, for the closed 
system, 8% has been weighted to the passenger volume of trips that accessed the 
BRT from feeder line routes, without transferring. Figure 6-3 shows the conceptual 
framework of the scenario simulation. In this way, the inbound and outbound 
 
Figure 6-2 Examples of flows of Brisbane BRT passengers (open-system) 
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passenger flows of feeder line routes are corrected to account for the closed BRT 
system.  
 
 
Figure 6-3 Conceptual framework of scenario simulation for closed-system BRT in 
Brisbane 
Cartographic visualisation 
Cartographers have long used flow maps to depict the movement of objects across 
geographic space. Recently, with the huge amounts of smartcard data available in 
traffic and transportation databases, the traffic flow map has become an ideal 
visualisation method to depict the movement of passengers across transit networks 
in urban transport planning contexts. The information provided by traffic flow maps 
can help road users make better travel decisions, alleviate traffic congestion, and 
reduce carbon emissions. It can also be a useful tool for public transport agencies 
and governments to manage public transport systems and improve traffic operation 
efficiency.  
Some studies (for example, Corcoran & Tao, 2017) use 2D maps with 
passenger flows rendered by different coloured lines or line thickness to symbolise 
passenger volumes. However, visualisation of the trip trajectories often leads to 
dense and cluttered images due to the complexity and/or density of the transport 
network, which hinders exploration and understanding. To overcome this limitation, 
this study modelled passenger flows using 3D geo-spatial mapping (based on 
WebGL). Another advantage of our 3D visualisation method is that maps are 
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provided as web-based applications, which have been widely used in recent years to 
support urban planning and decision-making process (Dambruch & Krämer, 2014; 
Ruppert et al., 2015; Trubka et al., 2016). Rendering geo-spatial data in 3D helps to 
communicate urban environment information with ease, and the Internet is also a 
perfect communication medium for a broad audience. 
WebGL7 is a JavaScript API for rendering interactive 3D and 2D graphics on 
the web. It provides the benefit of hardware accelerated performance within an 
HTML5 Canvas, making it attractive for implementing complex visualisations. There 
are many libraries built on top of WebGL, which enabled us to create WebGL content 
quickly and easily without starting from scratch. However, Web-based 3D 
visualisation of geo-spatial data is challenging, as it is typically very large. In this 
research, web-based 3D flow maps are developed with Cesium8, an open-source 
framework based on WebGL targeting geo-spatial applications. 
Four 3D maps based on WebGL Virtual Globe were visualised for inbound and 
outbound flows of BRT passengers in open and closed-system BRT, respectively. 
This study symbolised the passenger movements across the BRT network with 
stereo tubes, which are much more vivid than 2D lines.  
6.1.5 Results and discussion 
To discuss the results in this article with ease, Figure 6-4 is a screenshot of the web 
map zoomed down to the Brisbane Busway network. The Cesium framework used in 
this study performed well in interactive mapping for visualisation of smartcard 
datasets. 
                                                          
7 https://www.khronos.org/webgl/ 
8 https://cesiumjs.org/ 
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Figure 6-4 Flows of Brisbane BRT passengers9 
A. Inbound flows of open-system BRT; 
B. Outbound flows of open-system BRT; 
C. Inbound flows of closed-system BRT; 
D. Outbound flows of closed-system BRT. 
The performance of current open-system BRT is first analysed. Figure 6-4 (A 
and B) shows that in current open-system BRT, substantial BRT feeder line routes 
radiate from the Brisbane CBD, enabling large passenger volumes from outer 
                                                          
9 Flows were classified using the natural breaks method. 
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suburban areas into BRT corridors. The busiest section of BRT corridor serves about 
10,000 to 20,000 passengers per day for both inbound and outbound direction. It is 
noted that the passenger volume of SEB is significantly higher than the NB. One 
possible reason is that NB which opened in 2012 is less mature compared with the 
SEB, which opened in 2001. Another explanation is that the northern suburbs have 
been traditionally served by an extensive rail network. It is also noted that there are 
several popular feeder line routes, particularly the BUZ routes, serving more than 
1,729 BRT passengers (the yellow tubes in Figure 6-4), which is similar to NB 
passenger volumes. This suggests that the direct feeder liner services play an 
important role in the open-system BRT in Brisbane. 
To further analyse how and to what extent these direct feeder line services 
have facilitated the use of BRT services, Figure 6-4 (C and D) shows comparable 
maps for the closed BRT scenario: the service coverage and passenger volumes are 
significantly reduced for inbound routes. This decline in passenger volumes is due to 
fewer feeder passengers from suburban areas not having direct BRT services. The 
most notable change in passenger volumes can be found on inbound SEB routes.  
The Griffith University SEB station shows a large drop in passengers from 
11,000 to 6,100 due to many passengers feeding into the BRT corridor at that station 
from feeder bus routes. In contrast, outbound passenger volumes in the closed-
system BRT scenario do not vary as much the open-system BRT. This might be due 
to the fact that most passengers have direct access to BRT stations for their 
outbound journeys. It is also worth noting that the UQ Lakes station is not affected by 
closed BRT scenario as the station is a termination on the BRT system and is 
located at a major activity centre -- the University of Queensland. 
Based on the analysis above, an open-system BRT can be the better option for 
Brisbane, given its low population density and high car dependency with significant 
travel demands from outer suburban areas that are some distance from any BRT 
corridors. 
6.1.6 Conclusion 
This study employed a visual analytic approach to show how an open-system BRT 
facilitates daily mobility. Using a single day of Brisbane’s Go card data, this study 
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first visualised the trajectories of all BRT passengers to provide an overview of the 
catchment area and passenger volumes. The Cesium framework (based on WebGL) 
is employed to produce 3D web maps of BRT passenger flows to and from Brisbane 
CBD. This visualisation shows that direct feeder line services play an important role 
in the open-system BRT. To further analyse how and to what extent these direct 
feeder line services have impacted of BRT services, this study produced comparable 
maps simulating a closed BRT scenario. The results are presented in the web with 
four 3D maps based on WebGL Virtual Globe for inbound and outbound flows of 
BRT passengers in open and closed-system BRT, respectively. It is found the 
service area coverage and volume of passengers is significantly reduced in the 
closed BRT scenario as far fewer outer suburban passengers have direct BRT 
services.  
The results of this study suggest the open-system BRT is the better option for 
Brisbane. However, one limitation of this study is that we only considered the 
catchment area and passenger volumes for the comparison between an open and 
closed system. In future research, other aspects of the public transport system 
performance, such as travel speed and punctuality rate, should be further evaluated 
to produce more robust results.  
Further, this study uses current transfer rate (8%) from smartcard data analysis 
to simulate the closed-system BRT in Brisbane. This assumption requires further 
research to understand the impact of transfer penalties on the travel behaviour of 
passengers along the feeder line routs that have direct access to BRT corridor. 
Other factors (such as in-vehicle travel time, travel cost, waiting time, parking cost, 
car ownership and income level) should be considered in future research for their 
impact on the choice of bus/BRT versus non-bus/BRT. 
This analysis is of interest to urban transportation agencies with BRT systems 
wanting to optimise system operations and provide better public transport services. 
The Cesium framework used in this study performed well in interactive mapping for 
3D visualisation of smartcard datasets. Our approach has the potential for broader 
application in large geo-spatial data visualisation across other urban planning 
contexts. 
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6.1.7 Software 
The trip trajectories were retrieved from OPIA and outputted as shape files (polylines) 
with scripts built using the Python programming language10. Passenger volumes 
were calculated with the Dissolve tools in ArcMap version 10.2 (ESRI). The prepared 
shape files with passenger volume attributes were then converted to CAD files, 
ready for 3D rendering. The 3D models were rendered using 3ds Max 2012 and 
exported as gLTF2.0 format11 as an input for Web map development with the 
Cesium framework. The development of Web maps was based on HTML5 and 
Node.js techniques, using the Javascript programming language. The complete 
programs and scripts used in the map development were placed on the GitHub as 
BRTPassengersFlowsMap12 and published under the terms of the GNU General 
Public License 3.013.  
                                                          
10 Python Software Foundation. Python Language Reference, version 2.7. Available at: http://www.python.org 
11 https://github.com/KhronosGroup/glTF 
12 https://github.com/BrisbaneBRT/BRTPassengersFlowsMap 
13 http://www.gnu.org/licenses/gpl.html 
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6.2 The impact of an open-system BRT network on property values: 
A Brisbane, Australia Case Study 
Section 6.2 has been submitted as a peer-reviewed journal article to Transportation 
Research Part A: Policy and Practice (revised and resubmitted under the second 
round of review). The related information presented in previous chapters of this 
thesis may be repeated in the introduction and literature review parts of this chapter, 
to retain the structure and argument of the original peer-reviewed journal article. 
However, the article sections have been slightly re-configured to conform with a 
thesis structure. 
6.2.1 Abstract 
This study presents an investigation of the impact of an open-system Bus Rapid 
Transit (BRT) network on property values by considering feeder bus lines as part of 
the BRT system in Brisbane, Australia. An analysis of smartcard (Go card) data, 
shows that 43% of bus passengers accessed the BRT from non-BRT stations (that is, 
feeder line stops). This suggests that feeder line stops are important for increasing 
network accessibility for Brisbane’s open-system BRT. A hypothesis is formulated 
that the improved accessibility due to an open-system BRT network results in higher 
property values within feeder line catchment areas. Feeder line stops were selected 
and included as part of the open-system BRT, based on Go card data.  
A Geographically Weighted Generalized Linear Model (GWGLM) was used to 
examine the property values impacts. GWGLM is an improvement over 
Geographically Regression Model (GWR), by providing flexible local and global 
variable settings that decrease the risk of multi-collinearity in local models. The 
results identify property value uplift of up to 1.64% for every 100m closer to feeder 
bus stops with frequent services in western and eastern Brisbane suburbs. Thus, 
estimating open-system BRT impact on properties located around BRT’s main 
corridor only may lead to biased results. Future studies should pay attention to BRT 
operations to better capture the property uplift effects within both the BRT corridor 
and feeder line service areas. The results are also important for informing policy 
analyses related to public transport funding through property value gains.  
Key words 
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Value uplift, value capture, bus rapid transit, property values, BRT network, open 
system 
6.2.2 Introduction 
Recently, there has been increased interest in land value increases that are induced 
by enhanced transport accessibility. Researchers believe these premiums (that is, 
LVU) could be used as an alternative funding source for transport infrastructure 
through LVC. The willingness to pay for transit accessibility is a critical prerequisite in 
LVC implementation (McIntosh, 2015). In literature, the capitalisation effects of 
transit have been documented for decades. Early LVU studies in last century studies 
have focused on highways (see for example, Allen, 1981; Buffington et al., 1985; 
Burkhardt, 1984; Palmquist, 1980; Langley, 1981; Lewis et al., 1997; Spawn & 
Hartgen, 1997).  
Later, with the popularity of investment in rail-based transit worldwide, 
researchers added a considerable body of empirical research on rail-based transit 
(for example, rail, light rail and metro) impact on literature (Debrezion et al., 2007; 
Mohammad et al., 2013). More recently, the re-emergence of bus-based transport 
mode, BRT has been receiving more attention with a growing number of publications 
estimating its ability to capitalise accessibility into land values (Cervero & Kang, 2011; 
Mulley, 2014; Mulley & Tsai, 2016; Munoz-Raskin, 2010; Pang & Jiao, 2015; 
Rodríguez & Mojica, 2009; Rodríguez & Targa, 2004).  
BRT has become increasingly popular around the world over the past two 
decades as it provides high quality services with less costs and more flexibility when 
compared with rail-based alternatives. Although BRT’s capital costs are a fraction of 
rail transit, they are still a financial burden for many cities. For instance, after the 
success of TransMilenio BRT in Bogotá, the Colombian government supported the 
construction of BRTs in several secondary cities (such as Barranquilla, Cali and 
Cartagena) subsidising 7% of the capital costs. Most cities, however, cannot cover 
BRT operation and maintenance costs with fare-box receipts. They also have little 
capacity to subsidise transit costs due to other funding demands (Suzuki et al., 2015). 
In Australia, Sydney, Brisbane and Melbourne face long delays of promised transport 
infrastructure due to fiscal constraints. State authorities cannot cope, and the 
situation worsened after the Commonwealth Government ceased funding for public 
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transport initiatives entirely in 2013. Local governments are now urgently attempting 
to find alternative funding sources for public transport financing. Infrastructure 
Australia (2016) recommends governments should utilise appropriate models to 
drive revenue from the broader benefits delivered by major infrastructure projects, 
such as value capture for transport infrastructure. 
BRT is a popular transit solution in Australia and the bulk of its capital and 
operating costs are expected to be recovered through LVC given the lower costs 
relative to other rapid transit modes (Hook & Wright, 2007; United States General 
Accounting Office, 2001; Vuchic et al., 2013). There is a need to comprehensively 
evaluate the distribution and size of the BRT accessibility benefits that are delivered 
to property market, which forms the basis for LVC strategy. Although there is a 
growing body of literature on this topic, most of the publications examine property 
uplift for the main BRT corridor without considering the entire BRT network. 
BRT has operation flexibility over rail-based transit because it can be integrated 
with existing bus services more easily (Jarzab et al., 2002). From the operational 
perspective, there are two types of BRT systems – open and closed. A closed BRT 
system does not allow buses in the system to go outside the corridor or allow other 
buses to enter the corridor. Passengers from feeder buses need to transfer to 
access the BRT corridor. For an open BRT system, these limitations do not exist. 
Feeder line services in an open BRT system might be more valuable than those in a 
closed BRT system given more direct service access. Does BRT feeder line 
influence surrounding property values due to enhanced BRT accessibility, especially 
for an open-system BRT?  
A hypothesis is formulated that the improved accessibility due to open-system 
BRT network results in higher property values within feeder line catchment area. 
Drawing on the Brisbane BRT system as a case study, this study aims to 
comprehensively investigate the impact of open-system BRT network on property 
values by considering feeder bus routes as part of the BRT system. 
The Brisbane BRT system is a typical open system. Almost all the bus routes in 
the system travel in/out of BRT corridor to serve surrounding areas and use the BRT 
corridor as part of their journey. Figure 6-5 provides the number of passenger 
journeys from BRT and non-BRT stops accessing BRT services, respectively, for 
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Tuesday 12 March 2013 based on analysing Brisbane’s Go card (public transport 
smartcard) data.  
 
Figure 6-5 Brisbane bus journeys for 12 March 2013 
The BRT plays a significant role in Brisbane as it contributed more than half 
(52%) of the total bus journeys on the system. Of these, 43% of bus journeys 
accessed the BRT from non-BRT stations (that is, regular bus stops) and 92% of 
these journeys accessed the BRT directly without any transfers (feeder line journeys). 
This indicates that the feeder line stops have provided significant system 
accessibility advantages, which should be considered when examining the BRT 
property value impacts. 
Property value impacts of Brisbane’s BRT have been the focus of three studies 
(Mulley et al., 2016; Mulley et al., 2017; Zhang & Liu, 2015). In general, relatively 
lower value uplift has been reported around Brisbane BRT stations compared with 
other cases. In the case of Brisbane’s SEB and NB, negative impacts were identified 
for surrounding residential housing properties (Zhang & Liu, 2015); however, none of 
these studies considered the open operation of the BRT system – the authors only 
studied the property value changes in the BRT corridor.  
Based on the analysis of the smartcard data, it is suspecting that previous 
studies on open-system BRT impacts could be biased because they do not consider 
the entire BRT network, including BRT main corridor and feeder bus network. This 
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study attempts to overcome this bias by investigating the impact of an open-system 
BRT on property values by including feeder bus routes as part of the BRT network.  
While planners or government agencies plan a BRT system, open or closed 
BRT systems are always a puzzle for them. A comprehensive understanding of BRT 
impacts on land values across different systems (open versus closed) can help 
transport planners and decision-makers improve BRT system planning, especially for 
cities with open-system BRTs, or those are considering of converting their operation 
mechanism to open-system BRT. This study provides an empirical evidence to 
understand that the impact of open BRT system is not limited to the main corridor but 
also whole network system. It suggests that direct feeder line service plays an 
important role in open-system BRT operation, which implies optimising the flexible 
feeder line routes could significantly improve the overall BRT performance and 
consequently, its ability to capitalise accessibility benefits into property values.  
This chapter is structured as follows. Section 6.2.3 provides a review of 
previous research on property value uplift in transport field. It highlights issues that 
should be considered when exploring the effects of an open BRT system. The study 
area and data used in this research are summarised in Section 6.2.4, and Section 
6.2.5 describes the study methodology. The results are provided in Section 6.2.6, 
followed by a discussion of key findings and areas for future research. This chapter 
ends with a conclusion, a discussion of the study’s significance and limitations of the 
results. 
6.2.3 Literature Review 
Property value uplift and transportation 
BRT, which combines the capacity and speed of rail-based transit with lower costs 
and higher flexibility, is an alternative transport mode to improve urban mobility 
(Weinstock et al., 2011). In the urban context, transit investment is recognised as not 
only a solution for traffic congestion, but also as an economic development strategy. 
Land rent theories developed by Alonso (1964) and Muth (1969) identify that land 
value increases as a consequence of improvements in accessibility. In essence, 
rents are higher for land with higher accessibility since this offers land holders 
greater opportunities in terms of destinations. This theory underpins the notion that 
 107 
positive land value ‘uplift’ could be generated by investments in high-capacity public 
transport systems. 
TransMilenio, a BRT system implemented in Bogotá, Colombia in 2000, has 
gained considerable attention from scholars for its performance and efficient 
operation (Hidalgo et al., 2013). Rodríguez and Targa (2004) found that the rental 
price of a property increases 6.8 to 9.3% for every five minutes of walking time closer 
to a TransMilenio BRT station using a spatial hedonic price model. Rodríguez and 
Mojica (2009) further examined the capitalisation effects of TransMilenio network 
expansion before and after the BRT. The results show that BRT network investment 
could increase property values in a 500m catchment area by 13% to 14% when 
compared with those properties in the control area.  
Another case study of TransMilenio conducted a citywide econometric hedonic 
analysis, across different walking distances, subsystems (such as, trunk, feeder), 
socio-economic strata and time (Munoz-Raskin, 2010). It concludes that the housing 
market places value premiums on properties in the immediate walking proximity of 
feeder lines. Middle-income properties were valued more if they were closer to the 
system with small average annual increases in property values that were correlated 
with the implementation of the system.  
There are other empirical studies of property value uplift from BRT investment 
in densely populated cities in Asia. In Seoul, Cervero and Kang (2011) report that a 
dedicated median-lane BRT improvement prompted property owners to convert 
single-family residences to higher density apartments and condominiums. They 
found that land prices for the residential areas within 300m of BRT stops were higher.  
In Guangzhou, the BRT system has resulted in an increase of property values 
by 30% during the first two years of its operation (Suzuki et al., 2013). Ling and 
Lanlan (2013) measured the proximity premium of the Southern axis BRT line in 
Beijing and show there was no measurable impact on housing prices. They point out 
that the BRT system does not have a permanently fixed guide way, which presents a 
higher level of uncertainty and investment risk than rail.  
Mixed results have also been reported by the US Federal Transit Administration 
(FTA) (2009) for the Los Angeles Metro BRT Lines. FTA (2009) indicate that 
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residential properties within one-half mile from BRT stops sold for less, while 
commercial properties sold for more, relative to other properties in the city. This 
negative impact might due to air pollutants and noise around those lines, which is 
operating in mixed-traffic conditions along freeways. A more recent study by Mulley 
and Tsai (2016) examines the timing of the impact of a BRT system on residential 
housing prices in Sydney. They report that sales price of residential properties within 
400m of BRT stops were marginally higher than those outside of the BRT service 
area immediately after the opening of the Liverpool-Parramatta Transitway in 2003/4. 
Stokenberga (2014) concludes that the property value impacts of BRT have 
been mixed across systems. Although the outcomes across systems are a product of 
methods and study design, there is a consensus among researchers that different 
BRT infrastructure, for example, BRT operating in mixed traffic or on separate rights-
of-way, will have different property value impacts. More recently, Higgins and 
Kanaroglou (2016) reviewed more than 130 analyses completed over the past 40 
years. They emphasise that differences in property value uplift can be varied 
according to station zoning and built environment characteristics. These factors 
usually had not been considered. 
BRT systems: Open versus Closed 
Few studies have considered that the flexibility of BRT operations could impact the 
capitalisation effect. BRT has a significant operational flexibility over rail-based 
transit, especially when it is integrated with regular bus services. As noted in Section 
6.2.2, there are two types of BRT systems: closed and open. Figure 6-6 shows 
examples of these two types of BRT. 
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Figure 6-6 Examples of Closed and open-system BRT 
  
In a closed system, BRT buses do not operate outside the BRT corridor (for 
example, TransMilenio). Feeder buses operating between the trunk corridors and the 
city’s peripheral areas are used to service passengers away from the BRT corridor; 
but passengers from these feeder buses need to transfer to access BRT corridor. 
The closed operation mechanism ensures that buses running on BRT corridor 
provide frequent and punctual rail-like transit service that removes delays common to 
regular bus services. Closed systems are more effective if the transit demand around 
the corridor is high and passenger volumes decrease sharply beyond that area. 
Buses in open BRT systems have more flexible service routes because they 
can move in and out of the dedicated BRT corridor as per their route requirements 
(for example, BRT systems in Seoul, Guangzhou and Brisbane). The open system 
enables a larger number of passengers to access the system by feeder line services 
without transferring. Empirical studies show that the addition of transfer points along 
transit routes can reduce transit ridership and modal share since a transfer normally 
brings inconvenience to passengers, such as extra walk and wait times (referred to 
as ‘transfer penalties’) (Han, 1987; Liu et.al., 1997).  
Thus, open BRT systems can relieve the ‘transfer penalty’ for passengers along 
BRT feeder line by providing more efficient and direct transit experiences. This 
implies that feeder line services in an open BRT system might be more valuable than 
those in a closed BRT system. However, the mixed use of the BRT corridor might 
lead to inefficient system performance by diluting the accessibility advantage of BRT 
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stations over other bus stops. Table 6-1 summarises the characteristics of both BRT 
types. 
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Table 6-1 Closed and Open-system BRT Characteristics 
Indicator Closed-system Open-system 
BRT Station Transfer station are needed No specific transfer stations 
Bus 
High capacity; Distinctive 
from regular buses 
Usually not distinctive from 
regular buses 
BRT corridor service 
(Trunk line) 
Frequent, efficient and 
punctual service on the BRT 
corridor 
Less efficient and punctual 
service on the BRT corridor 
Feeder line service 
Regular bus services that 
start and/or end at BRT 
stations. 
Direct bus services that feeds 
into the BRT corridor. 
Accessibility 
All passengers access 
services from BRT stations; 
BRT stations have system 
accessibility advantages over 
feeder line bus stops. 
Passengers can access 
services from both BRT 
stations and feeder line 
stops; more significant 
accessibility advantages for 
feeder line bus stops. 
City characteristics 
Transit demand is high 
around the corridor area; 
passenger volumes decrease 
sharply beyond the 
immediate corridor. 
Transit demand doesn’t differ 
greatly from area to area in 
the city. 
Closed and open BRT systems with distinguishable operational characteristics 
suggest different system performance and thus different capitalisation effects. To 
date, there is a lack of systematic examination of the capitalisation effects within 
BRT network catchment areas, especially for the open BRT systems. Most of the 
existing literature has focused on the BRT corridor catchment area. However, the 
impact of a BRT system on value uplift might extend to its feeder lines. Evidence 
from a case study on TransMilenio (a closed BRT system) has reported property 
value uplift within immediate proximity of feeder lines (Munoz-Raskin, 2010). As such, 
it is expected that the feeder line impact on property value should be more significant 
in an open system given the more significant accessibility advantages of BRT 
services. This study presents an investigation of an open-system BRT’s impact on 
property values that includes feeder bus services.  
6.2.4 Study Area 
The Brisbane BRT system 
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Brisbane is the capital of Queensland and Australia’s third largest city with a 
population of 2.2 million in 2015. It is one of the major business hubs and fastest 
growing regions in Australia, averaging 4.7% economic growth between 2011 and 
2012 (Queensland Treasury and Trade, 2012). To accommodate rapid growth, it is 
therefore critical to plan public transport networks in Brisbane to ensure the future 
development occurs in a sustainable way. Brisbane has a well-developed multi-
modal transportation network of heavy rail, bus and ferries. The bus system is 
anchored by a BRT, the most extensive in Australia. 
In the mid-1990s (inspired by the BRT in Ottawa, Canada) the introduction of 
the BRT was put on Brisbane’s transport policy agenda. Brisbane quickly designed 
and implemented its BRT corridor, the SEB, which opened in September 2000. 
Along with the patronage success of SEB, the BRT system expanded rapidly. At the 
time of writing, the Brisbane BRT system has a 30km network. The network is radial 
with most lines originating in the Brisbane's CBD. It is comprised of SEB, NB and EB 
with several extensions under consideration. The Busway consists of high capacity 
buses with stations at wider spacing that operate similar to light rail transit (Hoffman 
2008; Tanko & Burke, 2013). It has been praised as the most advanced example of 
the Quickway model, together with TransMilenio in Bogotá (Hoffman 2008).  
A key difference between Brisbane’s BRT and the TransMilenio is how they are 
operated. TransMilenio is a closed system that provides high frequency services on 
the BRT corridor, while Brisbane’s Busway is an open system that provides BRT 
access to a wider catchment area beyond that of the immediate BRT corridor. Figure 
6-7 shows the bus routes on SEB network. Most routes in the system travel in/out 
from the CBD to serve suburban areas and use the Busway for part of their journey. 
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Figure 6-7 SEB Network map (Source: https://translink.com.au/) 
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Brisbane uses a zonal fare system, which means that no extra fares are 
charged for Busway journeys. There are around 70 routes (each with two directions, 
inbound and outbound to the Brisbane) that operate on the Busway for part of their 
routes. In 2003, Brisbane City Council introduced a BUZ concept on the network with 
high frequency routes: 10-minute headways during peak hours and 15-minutes 
outside the peak (Yen et al., 2015). In peak hour, more than 300 buses operate on 
the Brisbane Busway. The open system design has significantly increased system 
efficiency when compared with previous bus networks. It is reported that Brisbane’s 
bus service has achieved a higher level of patronage (54%) than other public transit 
services including train (44%) and ferry (2%) (BITRE, 2013).  
The BRT service has also greatly improved the public transport mode share by 
attracting more passengers from private transport. Figure 6-8 presents the bus mode 
share for journey to work at Statistical Areas Level 1 (SA1)14 level based on 2011 
ABS data. It should be noted that Brisbane is a highly car-dependent city. The 
overall bus mode share in Australian major cities is low (~5%), while the mode share 
of the private car is around 86% (Cosgrove, 2011). However, the bus mode share 
around BRT network is much higher than other part of the city (Figure 6-8). Notably, 
there are some areas adjacent to high frequency routes that show high levels of bus 
use ranging from 25.1% to 38.9%. 
Figure 6-8 also illustrates the importance of feeder lines by showing the number of 
BRT users by boarding stop (based on smartcard data, Tuesday 12 March 2013). It 
can be seen that most of bus stops that served more than 47 passengers (47 is the 
threshold of the first group of Number of BRT passengers in Figure 6-8, where the 
number of BRT passengers of bus stops was classified using the natural breaks 
method) is along high frequency BUZ routes (shown as green lines in Figure 6-8). 
This implies that the high frequency service might be a key factor in attracting 
passengers access Busway from feeder lines. 
 
                                                          
14 Statistical Areas Level 1 (SA1) are geographical areas built from whole Mesh Blocks. Whole SA1s aggregate 
to form Statistical Areas Level 2 (SA2) in the Australian Statistical Geography Standard (ASGS) Main Structure. 
SA1s have generally been designed as the smallest unit for the release of census data. 
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Figure 6-8 The bus mode share for journey to work at SA1 level and number of BRT 
passengers by boarding stop15 
                                                          
15 The number of BRT passengers was classified using the natural breaks method. 
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Case study area 
In this study, a feeder line of the open-system BRT in Brisbane is defined as a bus 
service that provides direct Busway access without transferring; however, not all the 
bus stops along feeder lines are included as feeder bus stops. Some bus stops that 
are too far away from the Busway (with few passengers) should be excluded as the 
BRT effects are negligible in these areas. The excluded bus stops are selected using 
the following method. For each BRT feeder line, this study uses a point to split. This 
point is defined as the farthest bus stop to BRT stations that served more than 47 
BRT passengers based on smartcard data. Bus stops along this feeder line that are 
further than this stop (point) are excluded in feeder line bus stops of BRT system.  
Since feeder line bus stops of BRT system are actually regular bus stops in the 
city, the accessibility benefits of these stops are not limited to BRT access but also to 
other local destinations. However, this study assumes the impact of defined feeder 
line bus stops on property values is rising from open-system BRT network service. 
Therefore, there is a need to justify to what extent those effects are really related to 
the fact that the bus stops are connected to the Busway. Using smartcard data, this 
study calculated the rate of BRT riders for each feeder line stop along inbound 
routes, which is defined as the number of BRT riders divided by the number of all 
bus riders. The result shows that, on average, about 85% of passengers boarding 
from feeder line bus stops were feed into BRT corridor. This indicates the majority of 
passengers access these feeder line bus stops for its direct BRT service. There is a 
strong association between feeder line bus accessibility and BRT system 
accessibility. Thus, in this study, these feeder line bus stops as parts of open-system 
BRT network are included to investigate the property value impacts. Finally, the 
Brisbane BRT system has 84 Busway stations and 1,137 feeder line bus stops on 72 
feeder routes. For the study area, a 400m buffer for local bus stops and 800m for 
Busway stations is used.  
6.2.5 Methods and Data 
Geographically Weighted Generalized Linear Model 
In previous studies, the HPM has been widely used, based on the assumption that 
property values are independent of one another in the space. However, this is not 
usually the case in the real estate studies where substantial geographic data is 
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involved. One characteristic of geographic data, spatial dependency, is that 
“everything is related to everything else, but near things are more related than 
distant things” (Tobler, 1970, p. 236). For instance, the value of a property is more 
likely to be higher if properties nearby are expensive. Further, spatial heterogeneity 
(also, namely, ‘non-stationarity’), which refers to spatial structure, is also likely to 
occur (Anselin, 1988). Housing markets are generally local and diverse, and ignoring 
the presence of these spatial effects may lead to biased results. 
GWR, developed by Fotheringham et al. (2003), has been increasingly used to 
control for the spatial autocorrelation and spatial heterogeneity. HPM can be viewed 
as a global model (which is fitted into the entire study region), while GWR further 
develops local models to explore how the relationship between the dependent 
variable and independent variables might vary geographically. The basic GWR 
model for property market analysis of transit effects is shown in Eq (6-1). 
Pi(μi,νi) = β0(μi,νi) + ∑jβj(μi,νi)Xij+ εi                                                                                                                (6-1) 
Where:  
(μi,νi) are the location coordinates of property i; and 
Pi is the sale prices of property i which is predicted by a vector of observable 
property attributes Xij.  
Specifically, β0(μi,νi) and βj(μi,νi) would contain coefficients to be estimated for 
location (μi,νi) by a weighted least squares method used to calibrate the global model. 
The best bandwidth needs to be selected to generate the geographical weight for 
each point in the study area. Usually this process is calculated by the GWR software 
with reference to a specific criterion, such as minimising Akaike Information Criterion 
(AIC). As a result, a set of location-specific parameter estimates is generated, which 
can be mapped and analysed to provide information on spatial non-stationarity in 
relationships. 
The GWR model in Eq (6-1) calibrates all the estimated parameters in the 
global model without specifically justifying the calibration for individual variable. 
Using this method, for instance, if nominal/categorical data is included in a GWR 
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model, there is strong risk of encountering local collinearity issues since categories 
cluster spatially.  
This study applies a Geographically Weighted Generalized Linear Model (GWGLM) 
with their semi-parametric variants to investigate the BRT impact on property values 
and its spatial variation. GWGLM is a more generalised GWR model and can be 
written as: 
Pi(μi,νi) = β0(μi,νi) + ∑jβLj(μi,νi)XLij+ ∑jβGjXGij+ εi                                                                                    (6-2) 
Where  
(μi,νi) are the location coordinates of property i; and 
Pi is the sale price of property i, which is predicted by two vectors of observable 
property attributes XLij and XGij.  
For XLij, the coefficient βLj(μi,νi) is location-specific and estimated using the 
observations within a bandwidth and by solving a maximisation problem of 
geographically weighted likelihood as in GWR model; while for XGij, the coefficient βGj 
is estimated without calibration. So, it is global and can be fitted for the entire study 
area. 
As can be seen from Eq (6-2), each variable in GWGLM has a choice of being 
global or local. Nominal/categorical variables, which usually need to be excluded in 
traditional GWR, can be used in the GWGLM as global variables. Thus, GWGLM is 
able to include variables in varying terms without missing any key relationships in the 
estimation.  
Data Description 
In this study, property prices are determined by:  
1) accessibility to the BRT system and other amenities;  
2) the internal characteristics of the property; and  
3) the neighbourhood attributes.  
Property prices are based on 2012 property transaction data extracted from the 
AURIN database. Figure 6-9 shows the property sale samples within study area. The 
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dataset has 5,391 property sales and includes detailed transaction information about 
the properties. The natural log of the property sales price is defined as the 
dependent variable in GWGLM. The log transformation is a commonly used solution 
to heteroscedasticity issues of the dependent variable of house prices. (Rodríguez & 
Mojica, 2009; Mulley & Tsai, 2016). 
 
Figure 6-9 The property sale samples within study area 
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Accessibility Attributes 
In order to better understand how BRT accessibility influences property values, this 
study measured accessibility in two ways. The first is the network distance from the 
property to the nearest BRT stop (“D_BRTsystem”, including Busway stops and 
feeder line stops). The second is a set of dummy variables using an all-or-nothing 
approach to represent whether the property is located within the BRT system 
catchment area.  
For Busway stops, the catchment area is defined as 800m network distance 
from a Busway stop (“Catchment_Trunk”). This is based on many previous studies 
that assume that 800m (or one-half mile) is a walkable catchment area for public 
transport (Guerra et al., 2013). For feeder line bus stops that are smaller and denser, 
a narrower catchment area of 400m network distance (“Catchment_Feeder)” is 
considered. Properties within these two catchment areas, which are defined as the 
catchment area of BRT network system, are reflected in the variable 
“Catchment_BRTsystem”. This study also created a dummy variable (“Noise_50m”) 
to show properties that are within a 50m buffer of a bus route to capture the negative 
impacts (noise and air pollution) from being too close to BRT corridor. Finally, the 
network distances from a property to the nearest shopping centre and train station 
(heavy rail) were calculated to control for accessibility variation across the study area.  
Property Attributes 
In order to control for the characteristics of the property, this study separates 
property prices into two parts: the land value, and the construction value of the 
property. The land value is the value of the land only and these land prices were 
provided by the Queensland government, using the land value that is used for 
taxation purposes. The construction value variable “ConstructionValue” is calculated 
as the difference between the market clearing property price and the land value, and 
is used as a proxy of property attributes and property quality as it captures internal 
area size, layout, built year, building materials. By the setting of “ConstructionValue”, 
BRT access (for example, D_BRTsystem) is therefore assumed to be a location 
amenity. 
 
The property type variable (“PropertyType”, representing house or townhouse) 
which is provided alongside the market clearing property sale price by RP data is 
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included in the model to provide an additional control. As Brisbane is hilly (Gregory, 
2007), an elevation variable (“Dem”) is included in the model, because properties in 
elevated positions might have better views and lower flood risks, both of which could 
have potential impact on property prices. 
Neighbourhood Attributes 
Neighbourhood attributes are used to control for the social-economic characteristics 
that could influence property prices. These variables are taken from the Australian 
Bureau of Statistics (ABS) 2011 Census at the SA1 level (the second smallest 
geographic unit for the release of Census data). An SA1 unit contains approximately 
400 persons. Originally, our model included a series of variables such as the 
percentage of older people (>65 years old), the percentage of unemployed 
population, the percentage of high-income population, the percentage of married 
population and the percentage of population with college and higher qualifications. 
However, only the unemployment rate (“Unemployment”) and the percent of older 
people (“Age65”) were used due to high multi-collinearity problems.  
Further, school quality is considered as one of the neighbourhood attributes. 
The variable of the quality of the nearest primary/high school is included using the 
Index of Community Socio-Educational Advantage (ICSEA) for 2011. ICSEA is a 
scale created by the Australian Curriculum, Assessment and Reporting Authority 
(ACARA), which allows for fair and reasonable comparisons among schools. Finally, 
crime can be viewed as a neighbourhood disamenity that could decrease the 
property value. A variable capturing the number of crime cases at Mesh Block level 
was created (“CrimeCases”) with data that was provided by Queensland 
Government Public for 2011. Mesh Block is the smallest geographic region in the 
Australian Statistical Geography Standard (ASGS) with approximately 30 to 60 
dwellings. 
Table 6-2 shows all variables used in this study and Table 6-3 provides the 
correlation matrix. The independent variables have been selected and examined for 
the multi-collinearity to generate a robust model. Some control variables that might 
influence property values (for example, the distance to CBD) is not included due to 
multi-collinearity problems with the elevation and unemployment rate variables. 
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Table 6-2 Variable description and summary statistics 
 Description Mean 
Std. 
Deviation 
Dependent Variable  
LnPrice Natural log of the property sale price 13.231 .376  
Property Attributes  
PropertyType 
A categorical variable which equals 1 if property 
is a house; equals to 0 if property is a 
townhouse. 
.880 .320  
ConstructionValue 
=Property sale price-underlying land price (unit: 
AUD $10,000) 
2.762 2.290  
Dem Elevation (metres) the property 28.320 17.948  
Neighbourhood Attributes 
Unemployment (%) The unemployment rate at SA1 level .0511 .028 
CrimeCases Number of crimes at Mesh Block level 2.590 4.635  
Age65 (%) 
The percentage of persons older than 65 years 
old at SA1 level 
.1108 .0574  
SchoolQuality ICSEA of the nearest school for the property 1072.450 77.535  
Accessibility Attributes  
D_Train 
The network distance from the property to the 
nearest heavy rail station in kilometres 
2.590 1.830  
D_Shopping 
The network distance from the property to the 
nearest shopping centre in kilometres 
1.604 .9192  
Noise_50m 
A categorical variable which equals to 1 if 
property is within 50m buffer of bus routes, 
otherwise it is 0 
.180 .388  
D_BRTsystem 
The network distance from the property to the 
nearest bus station that can access BRT without 
transferring in kilometres 
0.283 160.544  
Catchment_BRTsystem 
A categorical variable which equals to 1 if 
property is within BRT feeder line station 
catchment area (400m) or Busway station 
catchment area (800m), otherwise it is 0 
.780 .415 
 
Catchment_Trunk 
A categorical variable which equals to 1=1 if 
property is within Busway station catchment 
area (800m), otherwise it is 0 
.060 .239  
Catchment_Feeder 
A categorical variable which equals to 1 if 
property is within BRT feeder line station 
catchment area (400m), but not within Busway 
station catchment area (800m), otherwise it is 0 
.720 .450 
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Table 6-3 Simple correlation matrix of model variables 
 LnPrice 
Property 
Type 
Improvement 
Value 
Dem 
Crime 
Cases 
School 
Quality 
Age65 Unemployment D_Train D_Shopping Noise_50m D_BRTsystem 
 
LnPrice 1.000 .273 .761 -.100 -.110 .393 -.138 -.255 -.147 -.080 -.093 .004 
PropertyType .273 1.000 -.072 .087 -.024 -.072 .106 -.025 .041 .058 -.026 .021 
ConstructionValue .761 -.072 1.000 -.099 -.040 .241 -.128 -.141 -.119 -.068 -.038 .015 
Dem -.100 .087 -.099 1.000 -.101 -.115 .187 .146 .244 -.086 -.014 .114 
CrimeCases -.110 -.024 -.040 -.101 1.000 -.122 -.003 .103 -.117 .071 .024 -.019 
SchoolQuality .393 -.072 .241 -.115 -.122 1.000 -.165 -.227 -.200 -.085 -.014 -.008 
Age65 -.138 .106 -.128 .187 -.003 -.165 1.000 .080 .217 .002 .021 .025 
Unemployment -.255 -.025 -.141 .146 .103 -.227 .080 1.000 .016 -.079 .000 .054 
D_Train -.147 .041 -.119 .244 -.117 -.200 .217 .016 1.000 .154 .025 -.002 
D_Shopping -.080 .058 -.068 -.086 .071 -.085 .002 -.079 .154 1.000 .006 .023 
Noise_50m -.093 -.026 -.038 -.014 .024 -.014 .021 .000 .025 .006 1.000 -.504 
D_BRTsystem .004 .021 .015 .114 -.019 -.008 .025 .054 -.002 .023 -.504 1.000 
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6.2.6 Results 
Global estimation 
In order to explore the effects of BRT system with feeder bus network on property 
value, this study constructed three Global models that were estimated using 
Ordinary Least Squares (OLS). Table 6-4 presents the results from three functional 
form specifications with different measures for BRT proximity. All the coefficients 
estimated are statistically significant at 95% level and the adjusted R2 measure 
indicates a model fit of 76%.  
Table 6-4 Estimation results of global models 
 
Model 1 
BRT network 
service area 
(network 
distance) 
Model 2 
BRT network 
service area 
(all- or-nothing 
approach) 
Model 3 
BRT trunk line 
service area vs. 
feeder line 
service area (all- 
or-nothing 
approach) 
 
Coe. Sig. Coe. Sig. Coe. Sig 
 
(Constant) 11.662 .000*** 11.616 .000*** 11.605 .000*** 
PropertyType .402 .000*** .402 .000*** .402 .000*** 
Dem .000 .042*** .000 .023*** .000 .046*** 
CrimeCases -.003 .000*** -.003 .000*** -.003 .000*** 
SchoolQuality .001 .000*** .001 .000*** .001 .000*** 
ConstructionValue 0.012 .000*** 0.012 .000*** 0.012 .000*** 
Age65 -.218 .000*** -.220 .000*** -.214 .000*** 
Unemployment -1.233 .000*** -1.252 .000*** -1.265 .000*** 
D_Train -.004 .005*** -.004 .006*** -.004 .015*** 
D_Shopping -.015 .000*** -.015 .000*** -.014 .000*** 
Noise_50m -.070 .000*** -.056 .000*** -.056 .000*** 
 D_BRTsystem -0.095 .000
*** - - - - 
 Catchment_BRTsystem - - .023  .000 - - 
 Catchment_Trunk - - - - .052 .000
*** 
 Catchment_Feeder - - - - .021. 001
*** 
 AIC -2,943.142 2,945.201 -2,944.380 
 Adj R
2 0.7602 0.7596 0.7599 
 ***p-value<0.01, **p-value<0.0, *p-value<0.10, - Not applicable. 
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BRT network proximity and price premium 
In Model 1, the BRT network proximity is measured as the distance to the nearest 
bus stop with access to the BRT without the need to transfer. That model has a 
negative coefficient estimation of -0.095. This indicates a significant price premium 
from BRT proximity. On average, each 100m closer to the bus stop increases the 
house price by 0.95%.  
Model 2 (with a set of dummy variables setting) provides a comparison of the 
premium between properties within the BRT network service area and those that are 
not. The estimated coefficient of BRT accessibility variable is 0.023, suggesting that 
direct BRT access (within BRT network catchment area that including feeder bus 
network) has a price premium of 2.3% on property value, all else being equal.  
Model 3 further separates the property value impacts to those in the BRT 
catchment and those in a feeder line catchment. The estimated coefficients for 
dummy variables indicate that properties within BRT trunk line catchment area and 
feeder line catchment area appreciated an average of 5.2% and 2.1%, respectively. 
Furthermore, the nuisance effect from bus operations was also estimated and we 
found that properties located within 50m of a bus line showed property prices that 
were 5.6% lower. 
Control variables 
As the three models yield similar conclusions, only the results from Model 3 are 
discussed here. Most of the control variables had the expected signs. Results show 
that the property type is an important factor in determining property sale prices. 
Houses have much higher sale price than townhouses by 40.2%, caeteris paribus. 
The estimated coefficient for property construction value is 0.012, indicating that for 
every AU$10,000 increase in property construction value, there is an increase in the 
sale price by 1.2%.  
Two location specific characteristics of property (distance to the nearest train 
station and distance to the nearest shopping centre) show positive effects, adding 
price increases of 0.04% and 0.15% for every 100m closer to train station and 
shopping centre, respectively. As for the neighbourhood attributes, both the 
unemployment rate and percentage of older people are negatively related to property 
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value with every 1% increase yielding a 0.02% and 1.2% decline in property values, 
respectively. An increase of ten crimes per year within the Mesh Block is associated 
with a 3% decline in housing prices. Finally, as expected, proximity to quality schools 
had a positive impact on property value. 
The global models can provide some insights into the impact of open-system 
BRT on property values on the city scale; however, these results discussed above 
could be weak and biased when applied to explain the relationship between BRT 
system accessibility and property value uplift at a local scale due to spatial 
autocorrelation and spatial heterogeneity. The diagnoses of the global (OLS) model 
were approached to detect if there are spatial independency of residuals using 
spatial autocorrelation coefficient, Moran’s I. The results from Moran’s I test (z-score 
= 9.365, P value=0.000) significantly reject the hypothesis that there is no spatial 
autocorrelation among property sales samples in the case study area. A GWGLM 
was applied to control for the spatial autocorrelation and spatial heterogeneity and to 
explore the spatial variability of the BRT capitalisation effects at the local scale.  
Local estimation 
For local estimation, only Model 1 was selected as it had the best performance of the 
three global models and with proper variable setting for local estimation. As one of 
the key variables, BRT accessibility is defined as dummy variables in Models 2 and 3, 
which represent a different spatial regime. However, it would be problematic if 
"dummy" explanatory variables are used to represent different spatial regimes in the 
local models. Since local models allow explanatory variable coefficients to vary, 
where categories cluster spatially, there is strong risk of encountering local multi-
collinearity issues and results in the presence of local multi-collinearity tend to be 
unstable. This is a situation that GWR cannot accommodate. 
As an improved version of GWR, in a GWGLM it is possible to include dummy 
variables and they can be set as global variables. However, this study aims to 
explore the non-stationary of the relationship between BRT system accessibility and 
property values across the Brisbane. Therefore, only the results of GWGLM based 
on Model 1 are presented where a continuous measurement of BRT accessibility is 
used. 
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Using the selected explanatory variables from Model 1, the GWGLM is 
modelled by GWR 4 package with adaptive kernels and a Gaussian function, as 
expressed in Eq (6-2). The adaptive kernels, as opposed to the fixed kernels, ensure 
each of the data points is estimated by the same number of neighbouring data points 
and this approach is generally recommended for data points that are not evenly 
spatially distributed across a study area. This is the case here where residential 
properties tend to cluster in particular areas and there are some areas such as 
parklands that have no development. The bandwidth of the kernels is determined 
using the ‘golden selection search method’ embedded in GWR 4 which determines 
the optimal bandwidth based on small sample bias corrected AICc minimisation. This 
study uses a trial and error method to decide which variables are classified as either 
local or global in the GWGLM based on small sample bias corrected AICc 
minimisation, which is a time-consuming computational process. Table 6-5 
summarises the variable settings for the GWGLM. 
Table 6-5 GWGLM variable settings 
Variable type Variables 
Dependent variable LnPrice 
Independent variable with fixed 
(Global) coefficient 
PropertyType, ConstructionValue, 
Noise_50m 
Independent variable with varying 
(Local) coefficient 
Intercept, Dem, CrimeCases, 
Unemployment, SchoolQuality, 
Age65, D_BRTsystem, D_Train, 
D_Shopping 
 
The results from GWGLM are presented in Table 6-6. The GWGLM made an 
improvement on the Global model given the smaller AIC (-4,770.67 as compared 
with -2,943.14 in Global model) with a higher model fit (R2=0.83). For global 
variables, the estimated coefficients are similar to those estimated by Global model 
(see Table 6-4). The coefficients for local variables vary across space as shown in 
Table 6-6. The coefficients for the dependent variable, BRT network accessibility 
(D_BRTsystem), vary from a range of -0.164 to 0.276, showing a significant spatial 
impact on housing prices.  
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To better illustrate this, Figure 6-10 shows the local coefficients of BRT network 
accessibility on the map. In Figure 6-10, the significant local properties (at the 90% 
level) are shown with graduated colour points while the insignificant properties are 
marked in light grey. 
 
Table 6-6 GWGLM estimation results 
Fixed (Global) coefficients 
 Coefficient Standard Error t(Estimate/SE) 
Property Type 0.412 0.007 59.468*** 
ConstructionValue 0.012 0.001 101.882*** 
Noise_50m -0.056 0.007 -8.475*** 
Summary statistics for local coefficients 
  Mean STD Min Max Range 
Intercept 12.120 0.597 10.331 14.859 4.527 
Dem 0.002 0.002 -0.002 0.007 0.009 
Crime Cases -0.001 0.003 -0.010 0.013 0.022 
School Quality 0.001 0.000 0.000 0.001 0.001 
Age65 0.002 0.424 -0.867 1.385 2.252 
D_BRTsystem -0. 090 0. 820 -0.164 0.276 4.400 
Unemployment -0.566 0.615 -2.499 1.183 3.682 
D_Train  -0.002 0.026 -0.049 0.078 0.127 
D_Shopping -0.001 0.025 -0.066 0.065 0.131 
AICc: -4,770.676       
Adj R2: 0.832         
***p-value<0.01, **p-value<0.05, *p-value<0.10. 
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Figure 6-10 Local parameter estimates associated with BRT network accessibility 
 (variable “D_BRTsystem”) 
Figure 6-10 shows that more than half (58%) of the properties have 
insignificant coefficients for BRT network accessibility, which means the BRT 
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network accessibility does not have much impact on housing prices for most of the 
study area. In other words, BRT proximity may not be valuable in the local real 
estate market. This could be expected as Brisbane is a highly car-dependent city. As 
noted in Section 6.2.4 Study Area, the overall bus mode share in Australian major 
cities is low (~5%), while the mode share of the private car is around 86% (Cosgrove, 
2011). Although there are some areas adjacent to high frequency routes that show 
high levels of bus use ranging from 25.1% to 38.9%, these levels are much lower 
than other cities where significant value uplift is found rising from public investment. 
For example, the transit mode share is 59% for Bogotá’s TransMilenio BRT system, 
where strong value-uplift effects are reported (De Movilidad, 2009). 
There is no significant value uplift around the SEB corridor. One possible 
reason is that a majority of houses located in these areas can conveniently access 
the frequent BRT service. Thus, BRT accessibility does not impact on property 
prices. However, significant price premiums are identified in Brisbane’s eastern and 
western suburbs. There are many properties at some distance from the BRT corridor 
that enjoy price premiums up to 1.64% for every 100m closer to feeder bus stops, 
which is the highest value uplift reported for any Australian BRT system (Figure 6-
10). This suggests that uplift effects can extend along BRT feeder lines. Thus, 
examining open-system BRT property impacts only around the main corridor might 
underestimate the benefits from BRT investments. In our analysis, most of the 
benefited areas are located around feeder lines with high frequency service routes 
(shown as green lines in Figure 6-10). This implies that high frequency feeder line 
services are important in getting suburban residents to use the BRT system and a 
key variable for value uplift (Landis et al., 1994). 
In the southwest suburbs, the highest value uplift was around feeder lines away 
from the SEB corridor. One possible reason is the strong proximity-related negative 
externalities of bus transit such as noise and air pollution, crime rate, and so on. 
These are perceived as key disadvantages by some decision-makers and transit 
officials (Hecker, 2003). The situation tends to be worse because the SEB was 
constructed adjacent to the six-lane Pacific Motorway which reduces the desirability 
of wanting to living nearby, the walking catchment; and the quality of the station 
environments (Currie, 2006; Zhang & Liu, 2015).  
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Further, BRT feeder line services significantly increase mobility in peripheral 
areas as they provide an efficient way to get to the CBD and other desired 
destinations. Similar results have been reported by Bowes and Ihlanfeldt (2001) and 
Ma et al. (2014) that show stronger uplift effects at stations further away from the 
CBD compared with those that are closer. 
The largest uplift area is located in the eastern suburbs linked to the EB by high 
frequency services. Several factors could be responsible for these uplift effects. First, 
a major bus interchange centre, the Carindale bus station, is located there. This 
interchange serves as a regional transport hub with services connecting to major 
destinations, including Brisbane City, Redland City, Brisbane Airport and two of 
Queensland’s largest universities (University of Queensland and Griffith University). 
Therefore, it has a larger catchment area than other feeder bus stops.  
Second, the area around the station is walkable and adjacent to a large 
shopping centre forming a compact and mixed-use transit station development. 
Finally, several bus stations in this area have been planned as Busway stations to be 
built as part of the EB. Although no specific date has been announced for 
construction, many routes servicing this area now travel via the completed sections 
of the EB. Therefore, the property value uplift could be due to the improved 
accessibility from direct BRT access via feeder line stops and the expectation of 
future Busway extensions. 
In the northern suburbs, the estimated coefficient of BRT network accessibility 
has a positive sign (Figure 6-10), which indicates that the relationship between BRT 
accessibility and housing price is negative. The northeast part of BRT corridor was 
not opened until July 2012 and the property sales data used in this study is from 
January to December 2012, which means that more than half of property sales were 
prior to the opening of NB.  
It is possible that there is a lag of uplift effects for the newer NB, which cannot 
be captured, based on our data analysis. However, the finding of negative BRT 
effects in northern area is consistent with another Brisbane case study conducted by 
Mulley et al. (2016). According to their model results, there is another explanation 
that rail service is more valuable as a preferred transportation by residents in this 
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area compared with BRT. This is also supported by local parameter estimates for rail 
station accessibility in GWGLM (Figure 6-11). 
 
Figure 6-11 Local parameter estimates for rail station accessibility (variable 
“D_Train”). 
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Figure 6-11 also shows there are value-added effects around feeder line bus 
stops close to train stations. This is due to the fact that some of these bus stops also 
serve as feeder buses to the rail network. As noted in Section 6.2.4, bus and rail use 
the same fare system and smartcard thus making the “transfer penalty” much less 
painful. It is possible that rail station accessibility from these bus stops has also 
contributed to the property value uplift. However, as a limitation of this study, it is not 
possible to isolate uplift rising from feeder-line network accessibility to rail stations. 
6.2.7 Conclusion 
This study investigates the impact of an open-system BRT network on property 
values by considering feeder bus routes as part of the BRT system. Using smartcard 
data from the BRT system, it is found that 43% of journeys accessed the BRT from 
non-BRT stations (regular bus stops) daily, highlighting the importance of feeder line 
stops. This suggests that the improved accessibility due to the open-system BRT 
network could result in property value uplift within feeder line catchment areas. 
Global models were applied for preliminary analysis. Results show that the 
relationship between BRT network accessibility and housing prices is positive. On 
average, for every 100m closer to a bus stop, house prices increase by 0.95%. In 
general, property sales prices within the BRT and feeder line catchment areas are 
5.2% and 2.1% higher than those outside the catchment, respectively.  
However, the diagnoses of the global (OLS) model using spatial autocorrelation 
coefficient, Moran’s I, shows there is spatial autocorrelation among property sales 
samples. Thus, the global model results might be weak and possibly biased. A 
GWGLM was then used to explore the non-stationary of the relationship between 
BRT system accessibility and property values across the Brisbane with the control of 
spatial autocorrelation and spatial heterogeneity. 
By visualising the local parameter estimates for BRT system accessibility, it is 
found there is significant spatial variability of BRT network impact on housing prices. 
Some properties at some distance from the BRT corridor enjoy price premiums up to 
1.64% for every 100m closer to feeder bus stops. This suggests that the uplift effects 
can run adjacent to BRT feeder lines. 
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The main findings from the local model are:  
• The BRT impact on housing prices is insignificant for more than half 
(58%) of the study area. BRT proximity may not be valuable in the local 
real estate market, given that Brisbane is a highly car-dependent city. 
• The largest appreciation area was around the eastern suburban bus 
interchange centre that has a compact and mixed-use transit station. 
The expectation of transit improvement might also enlarge the uplift 
effects in the local property market since future extensions to the EB 
are planned.  
• In south-western areas, the highest price effects were around feeder 
lines further away from SEB corridor. One possible explanation is that 
the stronger proximity-related negative externalities of bus transit along 
the corridor and the motorway parallel to SEB further reduce the 
desirability to reside in adjacent areas.  
• High frequency feeder line services are a key factor in driving suburban 
residents to BRT and a key determinant of uplift effects.  
• In northern suburbs, the relationship between BRT accessibility and 
housing price is negative, suggesting that the less mature northern 
BRT has not yet resulted in property value uplift. An alternative 
explanation is that rail service is more valuable as a preferred 
transportation by residents in this area, compared with the BRT. 
While the results presented here are only valid for Brisbane, there are 
implications for future research. How a BRT is operated can make big differences for 
its service area, passenger ridership and the land appreciation effects. For the 
Brisbane Busway, the open-system BRT accessibility significantly impacts property 
values in the service areas of the feeder lines. Future studies in this area should pay 
more attention to the nature of the BRT operations to better capture the property 
uplift effects that are brought about by a BRT network, including both the main BRT 
corridor and feeder bus networks, where appropriate.  
A comprehensive understanding of the distribution and size of land value uplifts 
resulting from public transport accessibility is critical in LVC policies. The results of 
this study support the theory that uplift effects of BRT accessibility could spread to 
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feeder lines. This information is important to avoid missing potential uplift 
contributions in LVC implementation. Districts further away from BRT corridors 
should be identified to inform an equitable and effective LVC policy. It is noted that 
implementing LVC for feeder line routes is challenging since these routes are 
essentially flexible; however, the feeder line stops can be permanent, such as the 
large-scale stops seen in the eastern bus interchange centre in Brisbane. Efforts can 
be made to maximize the benefits by enhancing infrastructure and optimising BRT 
routes in these areas. It is also an implication of the local estimation that having a 
uniform LVC policy would create winners and losers relative to house price premia. 
Such a policy could be progressive if the ‘losers’ were the relatively well-off, so a 
uniform LVC would need to consider the income of different areas against the 
identification of ‘winners’ and ‘losers’ in order to ensure no worsening of the 
distribution of income. 
Finally, we found there are house premium effects around feeder line bus stops 
close to train stations. It is possible that rail station accessibility from these bus stops 
has also contributed to the property value uplift. This study is not able to isolate 
uplifts rising from feeder-line network accessibility to rail stations. Future research 
can explore the impacts of multi-modal public transport networks on land value at the 
city scale. 
There are some issues that limited our ability to carry out this research. First, 
due to the limited data resources, this study uses a single day of smartcard data to 
investigate how feeder bus services work in an open BRT system and therefore 
design the study area. Future research should seek to provide a more 
comprehensive understanding of feeder lines and their impacts on housing prices 
using travel data over a longer period. Another area for the future study is extending 
this cross-sectional research to a longitudinal analysis of BRT feeder-line impacts on 
housing price uplift. This would generate more robust results on the relationship 
between BRT network accessibility and property value uplifts, eliminating the bias if 
properties within feeder line catchment area are more expensive than those outside 
before the BRT implementation. Further, other methods (for example, multi-level 
regression models or difference in difference models) could be implemented to see if 
they provide more robust results.  
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Chapter 7 Study 4: An exploratory prediction of 
property value uplift for future infrastructure, a case 
study of South East Busway extension, Australia 
Chapter 7 has been submitted as a peer-reviewed journal article to Transport Policy 
(submitted under the first round of review). The related information presented in 
previous chapters of this thesis may be repeated in the introduction and literature 
review parts of this chapter, to retain the structure and argument of the original peer-
reviewed journal article. However, the article sections have been slightly re-
configured to conform with a thesis structure. 
7.1 Abstract 
New transport infrastructure is expecting to increase in land value, known as value 
uplift, by improving in accessibility. This chapter presents an exploratory prediction of 
the property value uplift for future infrastructure, using South East Busway (SEB) 
extension, a future BRT infrastructure in Brisbane as a case study. A standard 4-
Step Model (FSM) is adopted to estimate the traffic impact of SEB extension that is 
expecting to perform in SEB of 2011 in 2031 in terms of public transport mode share. 
In other words, SEB extension in 2031 and SEB 2011 will have same level of mode 
share. An assumption is made that SEB extension in 2031 would bring similar impact 
to land value and/or property price as SEB 2011. The property value uplift that will be 
brought by SEB in 2031 is then predicted using Propensity Score Matching (PSM) 
based on empirical findings of property value uplift from SEB in 2011.  
The results of this study are of significance as a pre-investment references to 
formulate land value capture (LVC) strategies. It is also helpful in informing 
stakeholders about the reasonableness and fairness of LVC mechanisms, which can 
lead to the best community outcomes of LVC. The prediction method proposed in 
this study have the potential for broader application in prediction of property value 
uplift from future infrastructure across other urban planning contexts. 
Key words 
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7.2 Introduction 
Cities are the drivers of economic growth in the current world economy. Recent 
decades have seen enormous growth in urbanisation and more than half of the 
world’s people reside in urban areas; this number will increase to 70% by 2050 (UN 
Department of Economic and Social Affairs, 2014). On the other hand, cities account 
for 70% of global energy consumption and related greenhouse gas emissions, of 
which around 23% are due to transport (LSE Cities, 2014; Pachauri et al., 2014).  
Cities in developed countries (for example, U.S., Canada and Australia) are 
faced with the more challenging problem of transport related emissions due to high 
car dependency. Urban planners and governments have long recognised that the 
most effective strategies in reversing car-dependent urbanisation is investment in 
reliable, convenient and economical public transit infrastructure, providing a 
competitive travel option against private car use for urban residences.  
However, high car dependency cities are often characterised with low density, 
and significantly, low public transport use. Research shows that cities with the 
highest car dependency have the worst operating cost recovery of public transport 
(Kenworthy & Laube, 1999) and much higher cost structures for transit companies 
because of the low occupancy per kilometre (Tong & Wong 1997). In car-dependent 
cities, there are increasingly apparent funding constraints faced by governments, 
which causes a vicious cycle of unsustainable urbanisation with car dependency 
problems.  
On one hand, these imperatives have partially driven cities’ preference for more 
cost-effective transit modes. Recently, the re-emergence of bus-based transport 
mode, BRT, has aroused great interest from urban planners and governments since 
it provides high quality transit services with less expenditure and flexibility 
advantages compared with rail-based transits (for example, metro and light rail). 
With several successful experiences world-wide, the investment of BRT has been 
surging: over 50 new BRT systems have been constructed and put into use across 
both developing and developed countries since the year 2000 (Deng & Nelson, 
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2011). Australia has also witnessed this quick introduction and expansion of BRT 
systems in major metropolises. Brisbane, the third largest city in Australia, has been 
developing a world class BRT network since 2000, with several expansions still 
under planning and construction. 
On the other hand, it is still critical to seek alternative funding source to solve 
the escalating problems in obtaining financial resources for transport infrastructure 
investment. For instance, after the success of TransMilenio BRT in Bogotá, the 
Colombian government supported the construction of BRTs in several secondary 
cities (such as Barranquilla, Cali and Cartagena) subsidising 70% of the capital 
costs. Most cities, however, cannot cover BRT operation and maintenance costs with 
fare-box receipts.  
Most cities also have little capacity to subsidise transit costs due to other 
funding demands (Suzuki et al., 2015).  In many Australian cities, for example, public 
transport patronage is expected to double by 2031 (relative to 2006 levels) 
(Department of Transport and Main Roads, 2011), especially during peak travel 
periods. This escalating demand is recognised by all levels of government, yet public 
transport infrastructure remains under-funded. The Infrastructure Australia National 
Infrastructure Plan of June 2013 estimates Australia's total infrastructure deficit to be 
$300 billion (Australian Railway Association, 2014). Without significant investment in 
public transport infrastructure serious traffic congestion is a very real prospect. 
A method of financing investment in transport infrastructure attracts most 
interest internationally is land value capture (LVC) (for example, Iacono et al., 2009; 
Zhao et al., 2012). Public transport systems are expected to improve urban mobility 
and bring economic benefits and opportunities of land development to cities (such as 
the capitalisation effect on its pedestrian catchment’s land and property values due 
to improved accessibility). Therefore, users (that is, public transport passengers) of 
the transport network are not its only beneficiaries.  
Land owners can also gain as increased value flows along the network are 
capitalised into land. Value capture is the concept that government should be able to 
institutes a process to share this land value increment along public transport 
corridors by capturing part or all of the premium to help pay for the transport 
infrastructure. Researchers and practitioners have expressed an interest in how 
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much new transport infrastructure adds to land values, since LVC is increasingly 
being considered as a potential way to finance transport projects given widespread 
government fiscal restraint (Mathur & Smith, 2013).  
Empirical studies investigated the transport impact on urban land/property 
values by analysing land/property value changing with the interference of transport 
infrastructure using empirical data of either real land/property transactions prices, 
rental prices or evaluation prices. Most case studies have reported land and property 
value appreciation due to the introduction of transport (for example, Rodriguez & 
Targa, 2004; Agostini & Palmucci, 2008; Muñoz-Raskin, 2010; Pan & Zhang, 2008; 
Deng & Nelson, 2010; Perk et al., 2010; Cervero & Kang, 2011); however, there is 
an obvious research gap of how to estimate the LVU for future transport 
infrastructure. This is a critical factor for the development and implementation of LVC 
financing mechanisms (for example, tax increment financing, Greenbaum & Landers, 
2014).  
This study contributes to the literature by proposing an integrated model for the 
prediction of property value uplift for future infrastructure, a case study of SEB 
extension, which is a BRT infrastructure in the high-car dependency city, Brisbane, 
Australia. This study is also motivated by increased interest of LVC as an alternative 
funding option in Australia. Infrastructure Australia (2016) recommended that 
governments should utilise appropriate models to drive revenue from the broader 
benefits delivered by major infrastructure projects, such as value capture for 
transport infrastructure. 
The rest of this chapter is structured as follows. Section 7.3 is a literature 
review of land value uplift (LVU) for public transport investment, which relates to the 
respective research question. Section 7.4 examines the case context of the Brisbane 
SEB system, before addressing the methodology adopted and the data used in this 
analysis. The results are then provided and interpreted in Section 7.6. Finally, 
Section 7.7discusses the results and concludes with recommendations for future 
research. 
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7.3 Literature Review 
Land rent theory, developed by Alonso (1964) and Muth (1969), holds that land 
rent (and therefore the underlying land value) reflects accessibility gradients. To be 
more specific, the ease of access to goods/services with higher values of rent 
reflecting higher accessibility. This theory underpins the notion that positive land 
value ‘uplift’ could be generated by investments in high-capacity transport systems. 
A transportation improvement would improve accessibility to a particular area, 
therefore commercial, industrial and residential users are willing to pay more for 
(Hagler Bailly Services & Morpace International, 1999). 
In literature, the capitalisation effects of transport infrastructure have been 
documented for decades. Early studies in the last century have focused on the 
impact of highway on land values (Allen, 1981; Buffington et.al., 1985; Burkhardt, 
1984; Palmquist, 1984; Langley, 1981; Lewis, et al., 1997; Spawn & Hartgen, 1997). 
Later, with the popularity of investment in rail-based transport infrastructure, 
researchers added a considerable amount of empirical studies on rail-based 
transport infrastructure (that is, heavy rail, light rail and metro) (Debrezion et al., 
2007; Mohammad et al., 2013).  
More recently, BRT has received more attention with a growing number of 
literatures estimating its ability to capitalise accessibility into land values. Most of the 
literature has concluded positive gains in land/property values for rail systems (for 
example, Agostini & Palmucci, 2008; Laakso, 1992; Pan & Zhang, 2008; Voith, 
1991); however, that’s not the case for BRT studies. The studies of the impacts of 
BRT on land and property values have found mixed results. 
TransMilenio, one of the world's largest BRT systems implemented in Bogotá in 
2000, has gained great attention from scholars and urban planners and is highly 
praised internationally. A relatively large number of studies have been conducted 
based on the case of TransMilenio (Rodríguez & Targa, 2004; Mendieta & Perdomo, 
2007; Munoz-Raskin, 2010). The results generally report positive impacts on 
property values, but with various levels of uplift up to 17.0%. There is also some 
evidence of BRT’s impact on land and property values from the densely populated 
cities in Asia.  
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Cervero and Kang (2011) found that in Seoul, land price premiums of up to 
10% were estimated for residences within 300m of BRT stops and more than 25% 
for retail and other non-residential uses over a smaller impact zone of 150m. In 
Guangzhou, the BRT system has resulted in an increase of real estate price by 30% 
during the first two years of its operation (Suzuki et al., 2013).  
In North American and Australian cities, relatively lower value uplift has been 
reported the evidence of the LVU attributed by BRT. Cervero and Duncan (2002) 
investigated the effect of BRT in Los Angeles, but found no evidence of value uplift. 
In Quebec, Dubé et al., (2011) found value uplift of 3% to 7% for properties that are 
located far way enough to avoid noise, but still can access the BRT service. Mulley 
and Tsai (2013) show that property values in Sydney, within 100m of BRT stations, 
grew more slowly than those located between 1200m and 1600m, due to increased 
noise and air pollution induced by the BRT, and no statistically significant evidence 
was identified to indicate property value uplift due to BRT implementation.  
Taking SEB as an example, the capitalisation effects of SEB in Brisbane have 
been investigated by four studies (Zhang & Liu, 2015; Mulley et al., 2016; Mulley et 
al., 2017; and Zhang et al. (see Section 6.2)). Zhang and Liu (2015) report a positive 
effect of access to SEB stations, but a more substantial negative effect of immediate 
proximity to SEB corridor. Further, SEB has been observed to have wider impact 
areas. Zhang and Liu (2015) found that properties that are 1600m away from SEB 
stations still appreciate due to BRT accessibility. These authors contend that the 
Park-and-Ride services are the main reason for this wider catchment area for SEB 
(Zhang & Liu, 2015).  
The study of SEB by Mulley et al. (2016) shows the proximity effects are 
relatively stronger at stations further away from the CBD, indicating that people living 
in suburbs are more likely to pay extra for being close to a BRT station. The study 
presented in Section 6.2 argues that uplift effects of SEB can run adjacent to BRT 
feeder lines because SEB is an open operation BRT system. It is reported property 
value uplift of up to 1.64% for every 100m closer to feeder bus stops with frequent 
services in western and eastern Brisbane suburbs. 
The four studies above focus on the distribution and the size the capitalisation 
of transits. As for LVC implementation, they basically answer the question of where 
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the value uplift occurred around transit corridors and how much it was. More 
recently, there is a study that particularly quantifies when LVU occurs in transport 
investment, which is an important information in informing the timing of LVC 
implementation. Yen et al. (2018) found the value uplift effects of light rail project in 
Gold Coast happens from the time of solid commitment, suggesting value capture 
design should start early to avoid missing uplift contributions.  
This finding aligns with a meta-analysis study of rail impacts on land and 
property values by Mohammad et al. (2013). After an analysis of 23 empirical rail 
studies, they found the perceived benefit of the rail system at the time of 
announcement is often higher compared with the actual realised benefit after the 
system stabilises. It seems that the rail-based systems are usually viewed as a fixed 
and permanent infrastructure with a higher expectation of economic effects by urban 
citizens than flexible BRT. In the case of BRT in Sydney, it is found that residential 
properties appreciate the BRT service after opening when residents can finally use it.  
Despite hundreds of LVU studies having been conducted (and a few of them 
have been specifically driven for LVC purposes), they generally stay in the 
theoretical stage of examining the relationship between transport accessibility and 
land values to justify the LVC as an alternative financing tool. To be more specific, all 
existing studies focused on existing infrastructure, prompting the question: what are 
the LVU effects for future transport infrastructure? This is important as a prerequisite 
reference to formulate LVC strategies and to assist governments with an 
understanding and support from beneficious stakeholders, which leads to the best 
community outcomes of LVC. 
Empirical studies can definitely help with the understanding and predicting of 
LVU effects. Although the results present significant heterogeneity in empirical 
studies, some general conclusions can be drawn from them. The meta-analysis 
study by Mohammad et al. (2013) also reports the impact of rail on land/property 
values was found to be higher in European and East Asian cities, compared with 
cities in North America due to the high dependence on public transport services in 
most of Europe and East Asia. This is also the case for BRT’s effects. This implies 
mode share of public transit might be an important factor in determining its ability to 
capitalise accessibility into land values.  
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While rail system impact can occur when the project is announced, the meta-
analysis study in Chapter 4 finds BRT systems are observed to exert significant land 
value effects when mature. These empirical findings can be of great use in informing 
the timing of LVU in prediction progress. Further, the results of individual case 
studies can serve as useful references in relative regional research; for example, 
studying the effects of a new transport infrastructure in the same urban context.  
The research question in this study is how to predict the LVU effects for 
future transport infrastructure? More specifically, how to apply empirical 
experiences for the prediction of the LVU effects for future transport 
infrastructure? This study conducts an exploratory prediction of the property value 
uplift for future infrastructure, using SEB extension as a case study. 
7.4 Study Area 
The Brisbane metropolitan area comprises the City of Brisbane (the capital city of 
Queensland and the third largest city in Australia), Ipswich City, Logan City, the 
Moreton Bay Region and Redland City. It is one of the fastest growing regions in 
Australia and will undergo significant change and population growth over the next 20 
years. To accommodate the rapid growth, it is therefore critical to plan public 
transport networks in this area to ensure the future development occurs in a 
sustainable way.  
The introduction of BRT is one of the most important transport infrastructures in 
Brisbane as it provides a quicker, better, smarter and cleaner public transport option. 
The system in Brisbane is relatively mature, with the first section, SEB, opened in the 
year 2000. It was constructed parallel to a local highway, Pacific Highway. Given its 
two-lane rights-of-way supporting 80 km/h travel on most of the network, and with 
passing lanes at all Busway stations, the ‘Quickway’ model16 of BRT is possible 
(Hoffman, 2008).  
                                                          
16 “Some of the more outstanding models of BRT implementation internationally focus on the creation of grade 
separated bus guideways, or Quickways, that support not just a ‘light rail-like’ service, but a variety of express 
and branching services that extend the benefits of the infrastructure far beyond the immediate service areas” 
(https://nbrti.org/wp-content/uploads/2017/05/BRT-Network-Planning-Study-Final-Report.pdf) 
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Other rapid transit features including graded and wide space stations, real time 
passenger information system and integrated fare collection system. Busways 
operate like a rail transit, but with higher operating flexibility due to the open-system 
operation mechanism that allows buses using a Busway as part of the route. Over 
300 buses per hour travel on key links of the SEB, carrying over 20,000 passengers 
per hour at the peak times, which is close to the theoretical limit of BRT operations. 
The system carries N70 million passengers per year, mostly on Brisbane City 
Council's bus fleet. Currently, the Brisbane BRT network has a 30km network, 
comprising SEB, NB and EB. Several extensions are considered; one which attracts 
the most interest is the SEB extension to Logan City. 
Logan City is a largely residential area between Brisbane and the Gold Coast, a 
major tourist centre and the largest non-capital city in Australia. Logan City facilitates 
much of the transport between the other two cities with an extensive motorway 
network. The SEB extension is thus planned to be built further along the Pacific 
Highway to share the travel demand opposed to private cars by providing a more 
reliable public transport option. It is expected to improve the public transport mode 
share by attracting more passengers from private transport. It will provide more 
sustainable connections to both Brisbane and Gold Coast employment areas for 
Logan City communities, which will continue to experience significant population 
growth. This is also expected to stimulate significant economic growth opportunities, 
turning these areas into major employment, business and community hubs.  
Figure 7-1 shows the SEB busway with its future extension for 9.1km from 
Springwood to the major town centre Loganholme, in southern Logan City. 800m is 
widely accepted as the walkable distance to a bus stop (Daniels & Mulley, 2013; 
Seneviratne, 1985); however, empirical studies suggest the SEB has a wider 
catchment area in the low-density Brisbane city, due to its special open operation 
mechanism and the Park-and-Ride service in most of the BRT stations (Zhang & Liu, 
2015). Given the same situation for SEB extension, in this study, the 1600m buffer of 
the SEB extension line is defined as the catchment area to investigate the 
capitalisation effects of accessibility to extended SEB. 
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Figure 7-1 SEB and future extension in Brisbane metropolitan area 
7.5 Modelling Process and Data 
Before the method for prediction of property value uplifts is described, it is important 
to describe the theoretical background developed, as based on previous LVU 
studies. As the case study in this research is the SEB, it is used as the example in 
this section. Empirical findings from the SEB could be cited for understanding the 
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impact of its future extension as the extension is expected to build in the similar 
urban context with almost the same system characteristics. There are four case 
studies that have estimated the SEB value uplift effects on property values. Table 7-
1 summarises the characteristics of the four case studies, with the main findings. 
Table 7-1 Empirical studies on property value uplift from SEB 
Author Data 
Type of BRT 
accessibility 
variable 
Model type Main findings 
Zhang & 
Liu 
(2015) 
Property 
sales data 
in 2011 
Continuous 
variable 
Hedonic price 
model (HPM); 
Segmented 
regression 
mode (SRM) 
There is a positive effect of 
accessibility to SEB stations but a 
more substantial negative effect of 
immediate proximity to SEB corridor; 
proximity to SEB stations (1400m) 
service places a premium of 
AU$26,747 on property value; every 
metre moving towards the SEB 
corridor decreases the property price 
by AU$ 144. 
Mulley et 
al. 
(2016) 
Property 
sales data 
in 2011 
Continuous 
variable 
HPM; Spatial 
lag model 
(SLM); Spatial 
error model 
(SEM) 
Geographical 
weighted 
model (GWR) 
For every hundred metres closer to 
the BRT station, the housing price 
increases by 0.13%, which is 
equivalent to $AUD749 at the mean 
of the data.  
Mulley et 
al. 
(2017) 
Property 
sales data 
in 
2002,2006 
and 2011 
Dummy variable 
Difference-in-
Difference 
model (DID) 
A positive impact of 7% on housing 
price for properties located within 
800m of busway stations 
immediately after the opening of the 
SEB, and this impact is still the 
same four years later after the 
opening; Compared with 
announcement in 1996, the SEB 
created an increase of 10% by 2011. 
Zhang et 
al.  
(Section 
6.2) 
Property 
sales data 
in 2011 
Continuous 
variable 
Geographically 
Weighted 
Generalized 
Linear Model 
(GWGLM) 
Property value uplift is up to 1.64% 
for every 100m closer to feeder bus 
stops with frequent services in 
western and eastern Brisbane 
suburbs. 
These studies adopt different types of regression modelling to estimate the 
transport accessibility benefit with controlling for other factors that affect property 
prices. To be more specific, these studies have different definitions of transport 
accessibility variable (such as, continuous variable of the distance to the nearest 
BRT station or dummy variables presenting if the property is within the BRT station 
catchment area), type of property transaction data (that is, cross sectional data or 
longitudinal data) and the model type (for example, HPM, DID, GWGLM and GWR). 
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Generally, the property price is attributed to the characteristics of the property 
characteristics (for example, area size, number of bedrooms), the characteristics of 
the neighbourhood and community, and environmental characteristics (including, 
transport accessibility, noise and air pollution). Thus, if other factors (excluding 
transport accessibility) are controlled for, then any remaining differences in price can 
be attributed to differences in transport accessibility. When considering there are two 
of the same type of properties (for example, the same size, structure) that are in two 
neighbourhoods, and these two neighbourhoods present the same characteristics 
(the same socio-economic status, environment and locational amenities), if they also 
have the same accessibility to BRT station, the estimated LVU impact of BRT on 
these two properties would be the same. 
More broadly, if it is assumed that the individual variation of property 
characteristics could be negligible at the neighbourhood level, the following 
conclusion can be drawn from empirical LVU studies. If one neighbourhood presents 
the same social-economic characteristics, environment characteristics and shares 
the same BRT accessibility with another neighbourhood, the LVU impacts of BRT on 
these two neighbourhoods should be the same. This idea underpins our method of 
applying empirical findings from SEB studies to predict the property value uplift for 
future SEB extension. Figure 7-2 demonstrates the framework of predicting property 
value uplift for SEB extension based on a three-step modelling procedure. This study 
uses statistical area 1 (SA1) as the neighbourhood unit of analysis to predict the 
property value uplift, which is the second smallest geographic unit for the release of 
Census data from Australian Bureau of Statistics (ABS). 
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Figure 7-2 Framework of predicting property value uplift for SEB extension 
Step 1, for example, predicts that in the year of 20XX, SEB extension will be 
as mature as SEB of 2011, in terms of public transport mode share. The assumption 
is that in 20XX, SEB extension could operate as existing SEB in 2011, given they 
have the same system characteristics and the same impact on surrounding property 
prices. SEB extension area in 20XX is thus matched with SEB area in 2011, as they 
have the same level of mode share. 
As shown in Figure 7-2, there are two SA1s within the SEB extension 
catchment area (green areas) and SEB catchment area (red areas), respectively. 
For Step 2, a similar matching process is adopted, but this considers the 
characteristics of the neighbourhood and community, environmental characteristics, 
as well as BRT accessibility. In Figure 7-2, this process is shown as the matching of 
existing SEB neighbourhood area (red SA1) to SEB extension neighbourhood area 
(green SA1 area).  
In Step 3, based on previous analysis of the regression model in empirical 
SEB studies, an assumption is made that the value uplift from BRT accessibility for 
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these two areas (that is, red SA1 and green SA1) should be the same. Since 
empirical studies have already investigated value uplift value for SEB in 2011, this 
study predicts the property values in SEB extension will have the same amount of 
property value increment in 20XX.  
The following section introduces the proposed modelling procedure of this 
study. 
7.5.1 Model Procedure 
This study proposes a three-step model procedure to predict LVU effects for future 
infrastructure. Figure 7-3 shows the three-step model, described following. 
 
 
Step 1: Estimate the ramp-up period for extended SEB 
The main purpose of bus priority infrastructure is to improve urban mobility; it 
benefits bus traffic, enabling faster journey times, higher frequency, and better 
reliability, which can be secondarily translated into increased ridership, lower 
operating costs, less fuel consumption, greater safety, and better land development 
Figure 7-3 Model procedures for future infrastructure LVU 
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benefits, such as LVU. Figure 7-4 charts the BRT impacts noted by TCRP Report 90 
(Levinson et al., 2003). The authors argue that an effective BRT affects modal 
choice and fosters land development, if it makes a time saving of more than five 
minutes on a typical urban work trip. Further, empirical studies show that the mode 
share of public transport might be an important factor in determining its LVU effects. 
Therefore, there is a need to examine the traffic impact of SEB extension prior to 
understand its secondary land impact.  
 
Figure 7-4 Types of BRT impacts (Source: TCRP Report 90) 
As future infrastructure is as yet unbuilt, a transport planning model is needed to 
evaluate transport impact, in terms of mode share prospective. By adopting a 
suitable transport planning method, the future mode share can be predicted. This 
study uses public transport mode share as a criterion to evaluate the developing 
level of the target transport system, a SEB extension in this case. Therefore, a 
transport planning model would be used to predict when the target transport system 
(for example, the SEB extension) would have the same mode share as existing 
transport system (for example, the current SEB). Accordingly, the first step is to 
match mode share of the future transport system with a current one at a system 
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level. The output from the first step is the time period (years) that the target transport 
infrastructure needs to be able to operate to reach the current transport system level. 
Step 2: Transport system development match in neighbourhood level 
The neighbourhood characteristics for target transport system catchment areas 
would then be predicted for the end of the development period in SA1 level; for 
example, if the transport planning model reports the SEB extension needs ten years 
to be operated in current SEB level, the neighbourhood characteristics would be 
predicted for ten years later for the catchment areas of SEB extension in SA1 level. 
Then, an attempt was made to match SA1s in these two areas.  
The matching SA1s are assumed to value the accessibility of public transport in 
the same way. In other words, the amount of LVU for one SA1 in the target transport 
system catchment areas would be the same as the matching SA1 in the existing 
transport system catchment areas. The output of the second step is a 
neighbourhood matching the results for target transport system in SA1 level. 
Step 3: Land value uplift evaluation 
Step 3 identifies the LVU amount for each SA1 in the existing transport system 
catchment areas. This could be either identified by constructing a new predicting 
model or by adopting model results from previous studies. Once the LVU level is 
identified for each SA1 in the existing transport system catchment areas, the 
corresponding LVU level can be determined for the matching SA1 in the target 
transport system catchment areas. 
There are several methods in the proposed three-step model procedure. The 
following sections introduce the relative methods that have been used in this study 
for each step. 
7.5.2 Step 1: Estimate the ramp-up period for extended SEB 
In this research, a traditional standard 4-Step Model (FSM) is adopted as a robust 
method for traffic flows simulation to forecast macroscopic travel demand (Solecka 
and Zak, 2014; PTV, 2016; McNally, 2007). While simplistic models exist for smaller 
networks, the complexity of large-scale regional models necessitates the 
development of the sequential FSM to determine network flows (McNally, 2007).  
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The transport impact of SEB extension includes several aspects, such as 
traffic flow reduction of the Pacific Motorway, increased patronage of public transport 
and a decrease in public transport waiting time during peak hours. The passengers’ 
travel behaviour will be affected by many factors such as personal characteristics, 
travel-based characteristics, policy, social impact, economic and service attributes. 
However, it is extremely difficult to predict how these characteristics and attributes 
will have different impacts on travellers’ behaviour. In this regard, all travellers are 
assumed to be same and rational in both scenarios with and without SEB extended 
in this research. In other words, based on current travel behaviour and mode share 
within the study area, FSM can only simulate with and without SEB extension cases. 
The FSM approach includes the steps of trip generation, trip distribution, mode 
choice and route choice, as shown in Figure 7-5 (PTV, 2016). 
 
Figure 7-5 The Four-Step Model 
Trip generation 
Trip generation involves the determination of the number of trips entering and 
leaving each zone, known as attraction and production, respectively. The objective of 
this first step is to determine the magnitude of travel in the system (PTV, 2016). This 
can be conducted at the zonal, household or personal level. For this study, the trip 
generation process was carried out at the zonal level. The trip generation process 
can be carried out by inputting known data relating to the purpose of trips, type of 
persons conducting these trips and land use information, as provided by Queensland 
Department of Transport and Main Roads (DTMR, 2017).  
The data is compiled by conducting traffic studies on several sites categorised 
with the same land use. In addition to compiling traffic counts for these sites, 
physical characteristics are also recorded, such as location, lot size, number of 
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employees and other units of interest (ITE, 2008). In this study, the results of the 
traffic counts are used to determine the daily and peak hour trip generation rates per 
zone, as suggested by Institute of Transportation Engineers (ITE, 2008). 
Trip distribution 
Trip distribution predicts the movement of passenger trips between pairs of origin 
and destination zones, based on the traffic potential (Solecka & Zak, 2014). The 
objective of this second step is to process the production and attraction for each 
zone and convert these trip-ends into pairs of origin-destination (OD) trips (McNally, 
2007). The result of the trip distribution process is an OD matrix. While there are 
many methods for calculating trip distribution, the gravity model is the most widely 
used and most suitable for medium to large urban centres (Celik, 2010; Duffus & 
Soliman, 1987). The gravity model (adopted in this study) considers trip making 
behaviour to be influenced by external factors, known as utilities or costs.  
Mode choice 
The mode choice is concerned with the allocation of trips to available transport 
modes (PTV, 2016). Mode choice factors are identified to produce mode-specific OD 
matrices, based on the OD matrix obtained from the trip distribution process trips 
(McNally, 2007). This process is usually conducted through multiple iterations, 
including trip distribution and trip assignment, as part of the feedback loop. Mode 
choice produces an OD matrix for each transport mode and, accordingly, the modal 
split can be found. The mode share results from the utility difference for each mode. 
In this step, this study adopts the widest used model, multinomial Logit model 
(Solecka & Zak, 2014). 
Trip assignment 
Trip assignment, also known as route choice, involves assigning the origin and 
destination pairs to available routes, resulting in the volume of traffic flow on 
particular links within the network. During this final stage, the modal OD matrices are 
loaded onto the transport network. Trip assignment seeks for an equilibrium between 
travel demand and transportation supply (Solecka & Zak, 2014). There are different 
assignment procedures available to conduct this process, as private and public 
transportation would have different assignment procedures.  
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The most common method for assigning the modal OD trips to the networks is 
user equilibrium, which distributes the travel demand in accordance with Wardrop’s 
first principle (PTV, 2016). In terms of public transport, the timetable-based 
procedure was adopted as both the line network information and the timetable 
known for the current bus. 
7.5.3 Step 2: Transport system development match in neighbourhood level  
Step 2 contains two sub-steps, including estimation of neighbourhood characteristics 
and neighbourhood matching, respectively. They are both explained following. 
Estimation of neighbourhood characteristics 
Step 2 uses SA1 as analysis unit for neighbourhood match. The ABS provides 
detailed information on neighbourhood characteristics at SA1 level. An SA1 unit 
contains approximately 400 persons sharing the same neighbourhood and 
environmental characteristics, and thus is often viewed as a sub-market in real 
estate research. A set of neighbourhood characteristics is included for the matching 
process, such as the percentage of older people (> 65 years old), the percentage of 
young people (<18 years old), the percentage of unemployed population, the 
percentage of high-income population, the percentage of married population, the 
percentage of indigenous population and the percentage of the population with 
college and higher qualifications for SA1s within existing SEB and SEB extension 
catchment area.  
While 2011 census data is available directly from ABS, it is unknown for the 
SEB extension in 20XX. Therefore, there is a need to estimate the neighbourhood 
characteristics of each SA1 by 20XX. The data of projected population17 is sourced 
from the Queensland Government statistician’s office. It generates demographic 
estimates and projections from 2021 to 2036 by age group at Statistical Areas Level 
2 (SA2)18 in Queensland. The projected percentage of older people and percentage 
of young people at SA1 level is then calculated by weighting the historical average 
population of each group in SA1 from 1996 to 2016 to projected population in SA2. 
Other neighbourhood characteristics at SA1 level are estimated simply based on 
                                                          
17 Projected population (medium series), by five-year age group and sex, by statistical area level 2 (SA2), SA3 
and SA4, Queensland, 2011 to 2036. Retrieved from http://www.qgso.qld.gov.au/products/tables/proj-pop-
medium-series-age-group-sex-sa2-qld/index.php 
18 SA2 are medium-sized general purpose areas built up from whole Statistical Areas Level 1(SA1). 
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historical ABS census data of 1996, 2001, 2006, 2011 and 2016, using the method 
of linear regression modelling. 
Neighbourhood matching 
This study employs a statistical matching technique, Propensity Score Matching 
(PSM), to match SEB extension SA1s to existing SEB SA1s by considering 
neighbourhood characteristics, environmental characteristics and BRT accessibility. 
PSM is commonly used in quasi-experimental designs to create sets of participants 
for treatment and control groups (White & Sabarwal, 2014). To approximate a 
random experiment, a matched set consists of at least one participant in the 
treatment group and one in the control group with similar propensity scores. The 
propensity score is the probability (from 0 to 1) of a case being in a particular group 
based on a given set of covariates.  
This study involves first estimating a probit model, using SA1 as the unit of 
analysis and then uses this model to predict the probability of becoming a SA1 within 
SEB catchment area (2011). Two SA1s that have the same propensity score 
(differences < 0.05) will be matched. The dependent variable is an indicator variable 
for a neighbourhood being located within 1600m of the SEB stations with the 
independent variables including measures on various neighbourhood characteristics, 
environmental characteristics and BRT accessibility. Table 7-2 lists the variables 
included in PSM, with a detailed description. 
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Table 7-2 Variables in PSM 
Variable Description 
Neighbourhood characteristics 
P_Older the percentage of older people (> 65 years old) 
P_Young the percentage of young people (<18 years old) 
P_Unemployed the percentage of unemployed population 
P_HighIncome the percentage of high-income population 
P_Married the percentage of married population 
P_Indigenous the percentage of indigenous population 
P_Education the percentage of population with college and higher qualifications 
Environmental Characteristics 
D_CBD 
the nearest straight-line distance from the geometric centre of the SA1 to 
CBD (either Brisbane CBD or Logan CBD) 
P_Commercial the percentage of commercial use area 
P_Residencial the percentage of residential use area 
BRT accessibility 
D_BRT the distance from geometric centre of SA1 to the nearest BRT station 
 
7.5.4 Step 3: Land value uplift evaluation 
As presented in Table 7-1, the four studies have focused on investigating the 
property value uplift for SEB. This research specifically uses the study presented in 
Section 6.2 as the evidence base to predict the impact of SEB extension, which 
applied a Geographically Weighted Generalized Linear Model (GWGLM) to 
investigate the spatial variation of the relationship between BRT accessibility and 
property values by controlling for spatial autocorrelation and spatial heterogeneity. 
GWGLM is an improvement over Geographically Regression Model (GWR) by 
providing flexible local and global variable settings that decrease the risk of multi-
collinearity in local models. The results from GWGLM show how the BRT impacts 
change across areas with different neighbourhood characteristics, environmental 
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characteristics and BRT accessibility, which can greatly facilitate the understanding 
of the LVU effects for future transport infrastructure. 
In Section 6.2, the property uplift analysis considers the open-system 
operation mechanism of Brisbane BRT network. The improved accessibility, due to 
the open-system BRT network, can result in property value uplift within feeder line 
catchment areas. This also could be case for future SEB extension; however, the 
feeder line routes for extended SEB are still unplanned at this stage. Therefore, this 
study only seeks to predict the impact of the future Logan busway on properties that 
are located around the main BRT corridor without considering its feeder line network. 
For this reason, the GWGLM used in Section 6.2 had to be re-developed to 
produce the evidence base to predict the impact of SEB extension with the following 
revisions. First, property sales samples that are not within 1600m buffer of SEB were 
removed from the model. Second, the variable of BRT accessibility was defined as 
the network distance to nearest BRT station and so the accessibility variable for 
feeder line bus stops was excluded. Other variable settings remain the same, as 
shown in Table 6-5 GWGLM variable settings. 
Based on the results from the revised GWGLM, average property value uplift 
for individual SA1 within existing SEB catchment area is calculated as the evidence 
base to predict the impact of SEB extension. The property value uplift for the SEB 
catchment in 2011 is demonstrated in Figure 7-6. 
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Figure 7-6 Property value uplift for SEB catchment area in 2011 
7.6 Results and discussion 
The results are discussed in two parts, including traffic impact analysis for SEB 
extension and property value analysis for SEB extension. 
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7.6.1 Traffic impact of SEB extension 
In order to understand the efficacy of the proposed SEB extension in the Logan 
region, this research evaluates the traffic impact of the SEB extension by comparing 
two cases in the study area in which there is an introduced busway or not. Since 
transport planning is usually applied for the longer term and future planning, the 
simulation period is from 2018 to 2031, to be compared with Queensland’s future 
plan to 2031, released by DTMR (2011). 
The transport impact of SEB extension includes several aspects, such as traffic 
flow reduction of the Pacific Motorway, increase patronage of public transport, a 
decrease in public transport waiting time during congestion, and the environmental 
improvement. Further, public transport mode share is simulated by FSM after the 
introduction of SEB extension. Moreover, this study examines the timing that SEB 
extension would be as mature as SEB of 2011, in terms of mode share (Step 1). 
The SEB extension would play a critical role in better connecting the Logan 
region with Brisbane and the Gold Coast. As indicated by DTMR (2011), it can 
greatly improve the public transport mode share by attracting more passengers away 
from using private transport. The target transport mode share of South East 
Queensland for 2031 is to achieve 10% for public transport, 74% for cars, and 8% 
and 6% for walking and cycling, respectively (DTMR, 2011). 
Table 7-3 shows the public transport market share before and after SEB 
extension as well as the target mode share that suggested by DTMR. For the base 
year 2018, the market share of public transport is relatively low at 7.66% before the 
SEB extension. According to the FSM simulation results, it is found that public 
transport mode share would only be 8.09% in 2031 without the SEB extension. It is 
relatively difficult to achieve the DTMR targeted at 10% public share; however, with 
proper public transport investment (that is, introduction SEB extension in this case), 
the public transport market share in 2031 can be dramatically increased from 8.09% 
to 16.10% if compared with the situation without SEB extension. As a result, DTMR 
10% target public transport mode share in 2031 can be achieved. As illustrated in 
Figure 7-7, the SEB extension can immediately attract more passengers. This can 
be evidenced by the 86% public transport model share improvement in the base year 
of 2018.  
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Table 7-3 Comparison of public transport mode share during peak hour (%) 
 2018 2020 2022 2024 2026 2028 2031 
Without SEB extension 7.66 7.73 7.80 7.87 7.94 8.02 8.09 
With SEB extension 14.22 14.44 14.66 14.88 15.22 15.57 16.10 
Target mode share 7.66 8.02 8.38 8.74 9.10 9.46 10.00 
Public transport mode 
share increases in 
percentage 
86% 87% 88% 89% 92% 94% 99% 
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Figure 7-7 Comparison of public transport mode share during peak hour 
As no additional travel demand was introduced for the traffic impact analysis in 
this study, the additional use of public transport establishes that the disutility of public 
transport decreased with the SEB extension. The main reason might be shorter 
waiting times, quicker journeys or fewer number of transfers. Conversely, with public 
transport mode share increase, private car mode share is largely decreased and 
thus helps release the traffic pressure of the Pacific Highway. 
The bus mode share within 1600m SEB catchment area in 2011 was about 
16% (calculations based on ABS data). Therefore, according to the simulation 
results, the SEB extension would be operated in the same level as 2011 SEB in the 
year of 2031 (Table 7-3). 
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7.6.2 Property value impact of SEB extension 
Based on the Step 1 result, the neighbourhood characteristics of individual SA1 
within the catchment area of SEB extension are estimated for 2031 by using 
historical ABS data. This study uses a basic linear regression model to predict the 
2031 data (see Table 7-2). Further, PSM is adopted to match the catchment area for 
existing SEB and 2031 SEB extension. The matched areas are assumed to have the 
same level of value uplift. The property value uplift from SEB extension in SA1 (by 
2031) are predicted as the same amount as the matched SA1, where estimated 
property value uplift is from the empirical results of SEB impact on property value in 
2011 (that is, the results presented in Figure 7-6).  
Figure 7-8 shows the matching results of predicted property value uplift for SEB 
extension in 2031. (Note: the existing SEB is circled in red and the 2031 SEB 
extension is in green). 
 
 162 
 
Figure 7-8 Property value uplift within SEB extension catchment area in 2031 
The property value uplift shown in red area is the estimation results from the 
case study in Section 6.2. The green area in Figure 7-8 shows the predicted value 
uplift for 2031 SEB extension. Property value uplift is reported as increases in 
percentage for every 1 kilometre closer to BRT station.  
The most significant uplift is in the black area where, for 1km closer to BRT 
station, the property values increase by up to 11.8%. While the average property 
 163 
value uplift for SEB in 2011 is 4.3%, 2031 SEB extension exerts a relatively lower 
impact on property value with an average increment of 3.5%.  
In general, modelling results show that most of the area would have price 
premiums from 1.61% to 3.98%. This result reasonably aligns with empirical findings 
from SEB that the capitalisation benefits are more significant for properties with 
better access to BRT station but insulated from the potential pollution generated by 
BRT operation (Zhang & Liu, 2015). 
7.7 Conclusion 
This study presents an exploratory prediction of the property value uplift for future 
infrastructure, using the SEB extension (in Australia) as a case study. First, a 
standard 4-Step Model (FSM) is adopted to estimate the traffic impact of SEB 
extension prior to understand its secondary land impact. According to the model 
results, SEB extension is estimated to be as mature as SEB of 2011 with the same 
level of mode share by the year of 2031.  
An assumption is made that in 2031, SEB extension can be viewed as the copy 
of SEB in 2011, as they have the same system characteristics and the same impact 
power on surrounding property prices. The impact of the SEB extension on property 
value in 2031 is then predicted using PSM based on empirical findings of property 
value uplift from SEB in 2011. This process involves three steps:  
1) transport system development match in system level; 
2) transport system development match in neighbourhood level; and  
3) land value uplift evaluation.  
Using this method, a map of property value uplift for SEB extension in 
2031(Figure 7-8) was then produced to present the results of our prediction. It shows 
that, on average, for every 1km closer to extended SEB station property values 
increase by 3.5% within 1600m catchment area. As an exploratory study, some 
limitations should be noted in relation to the methods. First, except for the population 
projections that are produced by ABS, this study used linear regression to project 
future neighbourhood characteristics based on historical ABS data at SA1 level. 
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There are some spaces to improve the estimates methods with the help of estimates 
and projections for demographic characteristics provided by ABS.  
The difficulty lies in the accuracy of the projections for a small geographical 
area. For example, the ABS also provides regional employment projections but at 
the state/Local government areas (LGA, one LGA contains many SA1s) level based 
on a whole-of-economy model, the Queensland General Equilibrium Model for 
Forecasting (QGEMF) (Queensland Treasury, 2016). Future studies could construct 
more complicated models to further correct the employment projections at SA1 level 
by incorporating these regional projection results.  
Second, the observed covariates used in PSM could be optimised to produce 
better match results for SA1s regarding the same amount of property value uplift. 
Ideally, all the factors that drive property values in SA1 level should be included to 
make the prediction more accurate; however, due to the data and time limitation, 
there is still room for future study to optimise variable settings in PSM model used in 
this study.  For example, researchers such as Higgins and Kanaroglou (2018) 
indicate that households are willing to pay a premium for locations in more transit-
oriented station catchment areas. Transit investment can be integrated with land-use 
planning towards promoting TOD in station area. The differences existing in the TOD 
level could be observed in PSM based on future planning or redevelopment of the 
area, which can improve the prediction accuracy of property value uplift.  
Finally, the evidence bases for prediction (the results of empirical studies on 
SEB) present variation in estimates of property value uplift due to the difference in 
analysis methods. Future research should seek to evaluate the reliability of the 
estimates generated by different analysis methods as an importance reference to 
understand the property value uplift from future infrastructures. 
The results of research are of significance as a pre-investment reference to 
formulate LVC strategies. Further, it is also critical for communicating the predicted 
land value benefits to stakeholders, who will pay for the transport improvement in 
this funding approach and informing them about the reasonableness and fairness of 
LVC mechanisms. The scientific prediction of land value benefits can help state and 
local governments gain better understanding and also support from beneficious 
stakeholders, which leads to the best community outcomes of LVC. The method 
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proposed in this study has the potential for broader application in the prediction of 
property value uplift from future infrastructure across other urban planning contexts. 
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Chapter 8 Conclusion 
Through the empirical investigations detailed in Chapters 4, 5, 6 and 7, a number of 
insights concerning the impact of BRT on property values are revealed. This 
research enhances the understanding of impact of BRT on property values from four 
key dimensions:  
1) understand empirical findings in literature (Chapter 4); 
2) add new evidence from the developed country context of Australia (Chapter 5); 
3) investigate a special issue of the impact of open-system BRT (Chapter 6); and 
4) propose a method to understand future BRT impacts (Chapter 7). 
Accordingly, Chapter 8: 
• summarises the key research findings to address the research objectives;  
• critically discusses the contribution of this research to the existing literature;  
• identifies the limitations of this study and  
• suggest directions for future research in this field. 
8.1 Summary of key research findings 
This research enhances the understanding of BRT impact on property values by 
achieving the following four research objectives (introduced in Section 1.3): 
1) explain the variation in empirical findings for capitalisation effects of BRT; 
2) estimate the BRT impact on property values in the city with low density, high 
car ownership and limited variation in socio-economic status in the context of 
Australia; 
3) investigate the capitalisation effects of open-system BRT, with consideration 
of feeder line networks; and 
4) propose a method of predicting property value effects of future transit project. 
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The key research findings from achieving these objectives are summarised in the 
following sections. 
8.1.1 Objective 1: to explain the variation in empirical findings for capitalisation effects of 
BRT. 
This study employs meta-analysis techniques to systematically investigate the 
variation in estimates of BRT impacts on land and property values reported in the 
literature. After conducting a literature review, a dataset was created for the meta-
analysis, which includes 23 case studies that quantitatively estimate the impact of 
BRT on land and property values.  
To analyse the factors that could affect land value changes, four categories of 
factors related to the variation in the study settings were identified, including BRT 
system factors; land type and accessibility factors; research method types; and 
spatial and temporal factors. Finally, 79 observations with 32 variables were included 
in a random-effects meta-regression model. The main findings are: 
• There might be a lag in capitalisation effects after the introduction of new BRT 
system since significant LVU of 4.3% can only be observed for relatively 
mature BRT systems (that is, at least three years old). 
• There is a much stronger value-added effect on land than properties. 
• All else being equal, if a study uses assessor price, the value-uplift is 17.9% 
lower than those using transaction price. However, if the reported value is 
asking price of land/property, there may be an overestimation of value uplift of 
about 8.2%. 
• In general, land/property within 50m of a BRT station has a price premium of 
9.4%, compared with those 1200m away.  
• Studies using DID models report to have 6% to 10% higher impacts than the 
studies using repeat sales models – with the variation dependent on the 
approach used to select control areas. Further, distance-based control area 
selection method has a 3.4% higher estimate than those using PSM method.  
• In terms of regions, BRT systems in Australia have a lower value-added effect 
on land and properties than those in North America. 
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8.1.2 Objective 2: to estimate the BRT impact on property values in the city with low density, 
high car ownership and limited variation in socio-economic status, as in the Australian 
context. 
Drawing on the SEB in Brisbane (a full-featured BRT), this research explores the 
impact of BRT on residential property values and how this varies spatially. Using 
HPM, a negative impact of proximity to SEB stations on housing price within a 2.4km 
buffer of SEB corridor was detected. On average, housing price decreases by 
AUD$1,133 with every 100m increase closer to a station. Consequently, properties 
located within 1200m radius of SEB stations could get up to AUD$30,180 lower in 
price, compared with other properties.  
Both of the results from HPM1 and HPM2 indicate the BRT’s ‘capitalisation 
benefits’ (as noted in the literature) were not detected in the case of SEB. A number 
of factors could be responsible for the findings in Brisbane. A number of factors 
could be responsible for the findings in Brisbane. First, unlike other cities in 
developing countries, the overall bus mode share in Australia’s major cities is low 
and only equates with about 5% of all trips; while the mode share of the private car is 
around 86% (Cosgrove, 2011). Thus, public transport proximity may not be as 
competitive a characteristic in Brisbane’s real estate market.  
Second, tyre-based transit service is usually associated with an undesirable 
perception of noise and pollution (Hecker, 2003). The situation tends to be worse as 
SEB was constructed adjacent to a Motorway (M3). This may further reduce the 
desirability to reside adjacent to it since the freeway corridor considerably reduced 
the walking catchment and acts to dilute the quality of the station environments 
(Currie, 2006).  
The SRM revealed a more complex picture describing the spatial change of 
housing prices, in relation to the distance to SEB corridor and SEB station 
accessibility. It found that for houses within 1600m buffer of SEB corridor, the further 
the distance to the SEB, the higher the dwelling price. When the distance from 
property to SEB is beyond 1600m, but less than 2400m, the relationship with 
housing prices decreases as the distance from SEB increases. After controlling for 
the distance to SEB corridor, the results of SRM suggested, on average, SEB station 
accessibility placed a premium of AU$ 426,747 on property values within the study 
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area. By taking both the distance to SEB corridor and SEB station accessibility into 
account, the results of SRM showed that the houses with the greatest price premium 
were those located within 500 to 1000m buffer of SEB corridor with BRT station 
accessibility. 
This result suggests SEB has a wider service area than other BRT system and 
the area with the greatest price premium was at some distance to SEB. Such results 
concur with the finding of another Brisbane-based study on changes of travel 
patterns. Sui et al. (2013) detected bus shares increase at some distance to 
Brisbane’s BRT stations over the decade of operation. The convenient Park-and-
Ride services at SEB stations might attract passengers beyond the walkable 
distance. More importantly, the open-system operation mechanism of BRT system in 
Brisbane might significantly contribute to a wider catchment area of SEB station and 
the wider influence area of SEB on housing price as well. This finding also proposes 
new and ongoing extended research on capitalisation effects of open-system BRT, 
with respect to the feeder line networks. 
8.1.3 Objective 3: to investigate the capitalisation effects of open-system BRT with 
consideration of feeder line networks. 
First, this study employs a visual analytic approach to investigate the performance of 
an open-system BRT system in Brisbane. Using a single day Brisbane’s Go card 
data, the trajectories of all BRT passengers is visualised to provide an overview of 
the catchment area and passenger volumes. The Cesium framework (based on 
WebGL) is employed to produce 3D web maps of BRT passenger flows to and from 
Brisbane CBD.  
This visualisation shows that direct feeder line services play an important role 
in the open-system BRT. To further analyse how and to what extent these direct 
feeder line services have impacted of BRT services, this study produced comparable 
maps simulating a closed BRT scenario. The results are presented in the web with 
four 3D maps based on WebGL Virtual Globe for inbound and outbound flows of 
BRT passengers in open and closed-system BRT, respectively. It is found the 
service area coverage and volume of passengers is significantly reduced in the 
closed BRT scenario as far fewer outer suburban passengers have direct BRT 
services This indicates that the feeder line stops have provided significant system 
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accessibility advantages, which should be considered when examining the BRT 
property value impacts.  
Previous studies on open-system BRT impacts could potentially be biased as 
they do not consider the entire BRT network, which includes the BRT main corridor 
and feeder bus network. This study addressed this bias by investigating the impact 
of an open-system BRT on property values including feeder bus routes as part of the 
BRT network, in Brisbane. 
A hypothesis is formulated that the improved accessibility due to an open-
system BRT network results in higher property values within feeder line catchment 
areas. Feeder line stops were selected and included as part of the open-system BRT, 
based on Go card data. A Geographically Weighted Generalized Linear Model 
(GWGLM) was used to examine the property values impacts. GWGLM is an 
improvement over Geographically Regression Model (GWR), by providing flexible 
local and global variable settings that decrease the risk of multi-collinearity in local 
models. The results identify property value uplift of up to 1.64% for every 100m 
closer to feeder bus stops with frequent services in western and eastern Brisbane 
suburbs. Thus, estimating open-system BRT impact on properties located around 
BRT’s main corridor only may lead to biased results. Future studies should pay 
attention to BRT operations to better capture the property uplift effects within both 
the BRT corridor and feeder line service areas. 
8.1.4 Objective 4: to propose a method of predicting property value effects of future transit 
project. 
This study presents an exploratory prediction of the property value uplift for 
future infrastructure, using SEB extension, Australia as a case study. First, a FSM is 
employed to estimate the traffic impact of SEB extension prior to understand its 
secondary land impact. According to the model results, SEB extension is estimated 
to be as mature as SEB of 2011 with the same level of mode share by the year of 
2031.  
An assumption is made that in 2031, the SEB extension could be viewed as the 
copy of SEB in 2011; they have the same system characteristics and the same 
impact power on surrounding property prices. The impact of the SEB extension on 
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property value in 2031 is then predicted using PSM based on empirical findings of 
property value uplift from SEB in 2011. This prediction process involves three steps:  
1) transport system development match in system level; 
2) transport system development match in neighbourhood level; and  
3) land value uplift evaluation.  
A prediction map (Figure 7-8) was produced to present the property value uplift 
for SEB extension in 2031. It shows that, on average, for every 1km closer to 
extended SEB station property values increase by 3.5% within a 1600m catchment 
area. 
8.2 Research contributions to knowledge 
This research contributes to the existing knowledge in the following five ways. 
First, this research makes an original contribution to the knowledge of 
understanding the variation in empirical findings for capitalisation effects of BRT. The 
literature on land and property values demonstrates a great deal of variability in the 
estimated change in values arising from BRT investments. While some efforts have 
been made to address these variations, the findings are limited due to insufficient 
studies and, more importantly, the inherent weakness in the analysis methods. This 
research employs meta-analysis techniques to systematically investigate the 
variation in estimates of BRT impacts on land and property values reported in the 
literature. The results identify several factors that are found to have a statistically 
significant impact on estimated LVU from BRT investments, which can help to better 
understand BRT system accessibility benefits reported in the literature, and also in 
cases where no empirical evidence is available. The findings from this systematic 
review also suggest some recommendations for future studies on the impact of BRT 
on land and property values (see Section 8.3). 
Second, this research presents original insights into the performance of the 
open-system BRT. With more and more cities considering BRT, investigating the 
performance of open and closed-system BRT is critically important for planners 
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deciding which option to choose. There is no doubt that the choice of network design 
will affect overall system performance, but the empirical evidence is lacking.  
The 3D visualisation of flows of Brisbane BRT passengers contributes to the 
understanding of open-system operation mechanism in terms of catchment areas 
and passenger volumes. It is argued that an open-system BRT could be the better 
option for Brisbane given its low population density and high car dependency with 
significant travel demands from outer suburban areas that are some distance from 
any BRT corridors. Further, the implementation of Web-based 3D visualisation 
employed in this study has the potential for broader application in large geo-spatial 
data visualisation across other urban planning contexts. 
Third, this research confirms the theory that uplift effects of BRT accessibility 
could spread to feeder lines in open-system BRT. In the literature, few studies 
consider that the flexibility of BRT operations could impact the capitalisation effect. 
How a BRT is operated can make big differences for its service area, passenger 
ridership and the land appreciation effects. For the Brisbane BRT, open-system BRT 
accessibility significantly impacted property values in feeder line service areas. This 
suggests that estimating open-system BRT impact on properties that are only 
located around BRT main corridor may lead to biased results. Future studies in this 
area should heed BRT operations to better capture the property uplift effects that are 
brought about by BRT network, including both the main BRT corridor and feeder bus 
networks.  
This finding also has implications for BRT planning in cities with open-system 
BRT or those considering converting their BRT operation mechanism to open-
system. It implies that optimising the flexible feeder line service can significantly 
improve the overall BRT performance and, consequently, its ability to capitalise 
accessibility benefits into property values. 
Fourth, this research contributes to the literature relating to the method of 
predicting property value uplift for future infrastructure. Although many LUV studies 
are motivated by LVC implementation, current publications are unhelpful for practical 
LVC implementation, as there is a knowledge gap in how to estimate the LVU prior 
to the transport project. This is important as a pre-investment reference to formulate 
LVC strategies; further, it can assist in informing stakeholders about the 
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reasonableness and fairness of LVC mechanisms, which can lead to the best 
community outcomes of LVC. The prediction method proposed in this research has 
the potential for broader application in prediction of property value uplift from future 
infrastructure across other urban planning contexts. 
Finally, the findings from this research inform several valuable policy analyses 
for LVC implementation, namely: 
• It is found there is typically a lag in capitalisation effects for newly opened 
BRT systems, while the impacts of rail systems can occur at the time of 
project announcement. This information is important to inform the timing of 
LVC implementation, in order to avoid missing potential uplift contributions.  
• Both BRT and rail systems show a lower value uplift for property than 
undeveloped land. This theoretically implies transport investment in an area, 
with more unimproved land, can be an effective way to create higher land 
value premiums that are capturable in LVC practice.  
• There is no significant relationship between the higher-level of BRT and the 
higher value-added impacts. Thus, in addition to adopting an appreciate 
design of BRT, urban planners and policy makers should consider other 
additional factors to increase the LVU effects; for example, land use policies 
that incentivise transit-oriented land-use change and land development in the 
station locations and the region served by BRT.  
• The results of this study support the theory that uplift effects of BRT 
accessibility could spread to feeder lines. This information is important in 
order to avoid missing potential uplift contributions in LVC implementation. 
Districts further away from BRT corridors should be identified to inform an 
equitable and effective LVC policy. It can be noted that implementing LVC for 
feeder line routes is challenging as these routes are essentially flexible. 
However, the feeder line stops can be permanent, such as the large-scale 
stops seen in the eastern bus interchange centre in Brisbane. Efforts can be 
made to maximise the benefits by enhancing infrastructure and optimising 
BRT routes in these areas. However, it is also an implication of the local 
estimation that having a uniform LVC policy would create ‘winners’ and 
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‘losers’ relative to house price premia. Such a policy could be progressive if 
the ‘losers’ were relatively ‘well off’, so a uniform LVC would need to consider 
the income patterns of different areas against the identification of ‘winners’ 
and ‘losers’ in order to ensure no worsening of the distribution of income. 
8.3 Limitations and future research  
This section highlights the key limitations of this research and potential proposal for 
future work. A major challenge encountered in this research is data limitation. This 
study uses a single day of smartcard data to investigate how feeder bus services 
work in an open BRT system. Future research should seek to provide a more 
comprehensive understanding of feeder lines and their impacts on housing prices 
using travel data over a longer period. Another data limitation is the cross-sectional 
data of property sales data. Future study is expected to extend current cross-
sectional research to a longitudinal analysis of BRT feeder-line impacts on housing 
price uplift. This would generate more robust results on the relationship between 
BRT accessibility and property value uplift, eliminating the bias if properties within 
BRT catchment area are more expensive than those outside, before the BRT 
interference.  
There are also opportunities to improve this research from a methodological 
perspective. In the investigation of BRT operation mechanism, this research only 
considered the catchment area and passenger volumes for the comparison between 
open and closed system. In future research, there should be further evaluation of 
other aspects of the public transport system performance, such as travel speed and 
punctuality rate to enhance understanding of different operation mechanism of BRT.  
Further, this study uses current transfer rate (8%) from smartcard data analysis 
to simulate the closed-system BRT in Brisbane. This assumption requires further 
research to understand the impact of transfer penalties on the travel behaviour of 
passengers along the feeder line routs that have direct access to BRT corridor. 
Other factors (such as in-vehicle travel time, travel cost, waiting time, parking cost, 
car ownership and income level) should be considered in future research for their 
impact on the choice of bus/BRT versus non-bus/BRT. For the estimation of feeder 
line impacts of open-system BRT, other methods (for example, multi-level regression 
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models) could be implemented to see if they provide more robust results since 
methodological choices might affect the obtained estimates of property value 
changes. 
Three limitations are noted in the exploratory study of predicting property value 
uplift for future infrastructure: 
1. Except for the population projections that are produced by ABS, this 
study used linear regression to project future neighbourhood 
characteristics based on historical ABS data at SA1 level. There are 
opportunities to improve these estimates methods with the data of 
estimates and projections for demographic characteristics provided by 
ABS. For example, the ABS also provides regional employment 
projections but at the state/Local government areas (LGA, one LGA 
contains many SA1s) level based on a whole-of-economy model, the 
Queensland General Equilibrium Model for Forecasting (QGEMF) 
(Queensland Treasury, 2016). The difficulty lies in the accuracy of the 
projections for a smaller geographical area. Future study could construct 
more complicated models to further correct the employment projections 
at SA1 level, by incorporating the regional projection results provided by 
ABS.  
2. The observed covariates used in PSM could be optimised to produce 
better match results for SA1s regarding the same amount of property 
value uplift. Ideally, all the factors that drive property values in SA1 level 
should be included to make the prediction more accurate. However, due 
to the data and time limitation, there is still need for future studies to 
optimize variable settings in PSM model used in this study. For example, 
researchers (such as Higgins and Kanaroglou [2018]) indicate that 
households are willing to pay a premium for locations in more transit-
oriented station catchment areas. Transit investment can be integrated 
with land-use planning towards promoting TOD in station area. The 
differences existing in the TOD level could be observed in PSM, based 
on future planning or redevelopment of the area, which can improve the 
prediction accuracy of property value uplift. 
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3. The evidence bases for prediction – the results of empirical studies on 
SEB – present variation in estimates of property value uplift due to the 
difference in analysis methods. Future research should seek to evaluate 
the reliability of the estimates generated by different analysis methods as 
an importance reference to understand the property value uplift from 
future infrastructures. 
8.4 Concluding remarks 
In the urban context, transit investment is recognised as not only a solution for traffic 
congestion, but also as an economic development strategy. Recently, there has 
been increased interest in land value increases that are induced by enhanced 
transport accessibility. Scholars in this field believe these premiums could be used 
as an alternative funding source for transport infrastructure through LVC. This 
research focuses on the property value impacts of BRT, which has become one of 
the most popular transit solutions as a cost-effective transportation alternative for 
urban mobility.  
By focusing on the BRT system in Brisbane, this research generates a number 
of valuable insights on the impact of BRT on property values through the 
investigation of: 
• the variation in the estimated impacts in literature; 
•  the BRT impacts in developed context of Australia, where commuters are 
less dependent on public transit; 
•  the impact of open-system BRT network on property values; and 
•  property value uplift for future BRT infrastructure. 
This research presents original insights on the understanding of impact of BRT 
on property values. In completing the first systematic meta-analytic review of BRT 
impacts on land and property values, this research analyses the variation in 
estimates of land and property value change arising from investments in BRT. Such 
research outcomes can help to better understand BRT system accessibility benefits 
reported in the literature, and also in cases where no empirical evidence is available.  
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Further, by analysing smartcard data, this research was able to generate new 
theoretical insights. It highlights that the feeder line service plays an important role in 
open-system BRT by significantly improving BRT system accessibility to areas away 
from BRT corridor. From this, this research further tested the theory of capitalisation 
effects of BRT feeder line networks using the open-system BRT in Brisbane as a 
case study. Results confirm that improved accessibility due to an open-system BRT 
network can result in higher property values within feeder line catchment areas. The 
investigation of the impacts of BRT feeder line networks extended the findings of 
past research and provoked reconsideration of the distribution and size of LVU 
resulting from investment in BRT.  
Methodological contributions were also progressed through this research, as it 
demonstrates a process of Web-based 3D Visualisation in mapping passenger flows 
using smartcard data. The traffic flow map is a popular visualisation method to depict 
the movement of passengers across transit networks in urban transport planning 
contexts. Traditional 2D visualisation of the trip trajectories often leads to dense and 
cluttered images due to the complexity and/or density of the transport network, which 
hinders exploration and understanding.  
This research overcomes this limitation by modelling passenger flows using 
3D geo-spatial mapping (based on WebGL). Another advantage of this method is 
that maps are provided as web-based applications, which can help to communicate 
urban environment information with ease. Further, the Internet is a perfect 
communication medium for a broad audience. The implementation of Web-based 3D 
visualisation, as described in Section 6.1.7, has the potential for broader application 
in large geo-spatial data visualisation across other urban planning contexts. 
Finally, this research presents a valuable method for prediction of the property 
value uplift for future infrastructure. Empirical studies generally stay in the stage of 
examining the relationship between transport accessibility and land values after 
transit installation. The lack of exploration for future infrastructure prevents LUV 
studies from serving as useful references for practical LVC implementation. The 
framework used for exploratory prediction of property value uplift for future 
infrastructure in this research can serve as a foundation for future research.  
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In conclusion, a comprehensive understanding of BRT impact on property 
values is crucial for its ongoing planning and policy strategies in urban contexts. This 
research enhances the understanding on the impact of BRT on property values and 
advances the practice of LVC strategy for raising public transport funding through 
land and property value gains. 
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